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(57) ABSTRACT

The invention relates to an isolated nucleotide sequence
encoding an amino acid sequence that is at least 290%, =92%,
294%, =96%, =297%, =98%, =99% or 100%, preferably
=297%, particularly preferably =98%, very particularly pref-
erably 299%, and extremely preferably 0%, identical to the
amino acid sequence of SEQ ID NO:2, wherein SEQ ID
NO:2, at position 553, or at a corresponding position of the
amino acid sequence, has a proteinogenic amino acid other
than L-tyrosine, to a microorganism comprising the nucle-
otide sequence and also to a process for producing fine chemi-
cals using this microorganism.
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1
FEEDBACK-RESISTANT
ALPHA-ISOPROPYLMALATE SYNTHASES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Phase filing under 35 U.S.C.
§371 of PCT/EP2013/057660 filed on Apr. 12, 2013; and this
application claims priority to Application No. 10 2012 207
097.4 filed in Germany on Apr. 27, 2012, under 35 U.S.C.
§119; the entire contents of each application is hereby incor-
porated by reference.

The invention relates to an isolated nucleotide sequence
encoding an amino acid sequence that is at least 290%, 292%,
294%, =296%, =297%, =98%, =99% or 100%, preferably
=297%, particularly preferably =98%, very particularly pref-
erably 299%, and extremely preferably 100%, identical to the
amino acid sequence of SEQ ID NO:2, wherein SEQ ID
NO:2, at position 553, or at a corresponding position of the
amino acid sequence, has a proteinogenic amino acid other
than L-tyrosine, to a microorganism comprising the nucle-
otide sequence and also to a process for producing fine chemi-
cals using this microorganism.

Fine chemicals, which include, in particular, amino acids,
organic acids, vitamins, nucleosides and nucleotides, are used
in human medicine, in the pharmaceuticals industry, in cos-
metics, in the food industry and in animal feeding.

A great number of these compounds are produced by fer-
mentation of strains of coryneform bacteria, in particular
Corynebacterium glutamicum. Because of the great impor-
tance thereof, work is constantly underway on improving the
production process. Process improvements can relate to fer-
mentation measures, such as, for example, agitation and sup-
ply with oxygen, or the composition of the nutrient media
such as, for example, the sugar concentration during fermen-
tation, or workup to give the product form by, for example,
ion-exchange chromatography, or the intrinsic performance
properties of the microorganism itself.

Methods of mutagenesis, screening and mutant selection
are employed for improving the performance properties of
said microorganisms. In this manner strains are obtained that
are resistant to antimetabolites such as, e.g., the leucine ana-
logue 4-azaleucine or 5,5,5-trifluoroleucine and produce
chemical compounds, for example [.-amino acids such as
L-leucine. By way of example, mention may be made of the
literature reference Casalone et al. (Research in Microbiol-
ogy 148: 613-623 1997).

For some years, likewise, methods of recombinant DNA
technology have been used for strain improvement of
L-amino acid-producing strains of Corynebacterium
glutamicum, in that, for example, individual amino acid bio-
synthesis genes are amplified or attenuated and the effect on
the production of the chemical compound is studied.

Summarizing presentations on the biology, genetics and
biotechnology of Coryrebacterium glutamicum may be
found in the “Handbook of Corynebacterium glutamicum”
(Eds.: L. Eggeling and M. Bott, CRC Press, Taylor & Francis,
2005), in the special issue of the Journal of Biotechnology
(Chief Editor: A. Pithler) with the title “A New Era in Coryne-
bacterium glutamicum Biotechnology” (Journal of Biotech-
nology 104/1-3, (2003)) and in the book by T. Scheper (Man-
aging Editor) “Microbial Production of [-Amino Acids”
(Advances in Biochemical Engineering/Biotechnology 79,
Springer Verlag, Berlin, Germany, 2003).

The nucleotide sequence of the genome of Corynebacte-
rium glutamicum is described in Ikeda and Nakagawa (Ap-
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plied Microbiology and Biotechnology 62, 99-109 (2003)), in
EP 1 108 790 and in Kalinowski et al. (Journal of Biotech-
nology 104/1-3, (2003)).

The nucleotide sequences of the genome of Corynebacte-
rium glutamicum are likewise available in the database of the
National Center for Biotechnology Information (NCBI) of
the National Library of Medicine (Bethesda, Md., USA), in
the DNA Data Bank of Japan (DDBJ, Mishima, Japan) or in
the nucleotide sequence database of the European Molecular
Biologies Laboratories (EMBL, Heidelberg, Germany or
Cambridge, UK).

The leuA gene encoding the a-isopropylmalate synthase
from Corynebacterium glutamicum is described, inter alia, by
the following details:

The a-isopropylmalate synthase (IPMS, EC=2.3.3.13)
catalyses the condensation of the acetyl group of acetyl-CoA
with 3-methyl-2-oxobutanoate (2-oxoisovalerate, ketoisoval-
erate) for the formation of 3-carboxy-3-hydroxy-4-methyl-
pentanoate (2-isopropylmalate). The leuA gene comprises
1851 base pairs (bp) and encodes a polypeptide having an
M(r) of 68 187. As is widespread for enzymes that catalyse the
first step of a biosynthesis pathway, the a-isopropylmalate
synthase is subject to feedback regulation by the end product
leucine (Patek et al., Applied Environmental Microbiology
60:133-140 (1994)). Furthermore, the enzyme is inhibited by
coenzyme A in the presence of divalent cations, especially
zinc (Ulm et al., Journal of Bacteriology 110(3): 1118-1126
(1972); Tracy and Kohlhaw, Proceedings of the National
Academy of Sciences of the United States of America 72(5):
1802-1806 (1975)).

The nucleotide sequence of the leuA gene encoding the
a-isopropylmalate  synthase from  Corynebacterium
glutamicum, according to the details of the NCBI Database, is
represented in SEQ ID NO:1 and the amino acid sequence
resulting therefrom of the encoded a-isopropylmalate syn-
thase in SEQ ID NO: 4. In SEQ ID NO:3, nucleotide
sequences situated upstream and downstream are reported
additionally.

The object of the invention is to provide a fermentative
process for producing ketoisocaproate or L-leucine having an
improved yield or a higher end concentration of the product
intracellularly and/or in the medium.

A further object of the invention is to provide a cell which
is modified in such a manner that, even in the presence of high
intracellular concentrations of leucine, is capable of produc-
ing ketoisocaproate or leucine.

A further object of the invention is to improve the yield of
ketoisocaproate or leucine, based on the amount of the carbon
substrate used for the fermentation.

The inventors of the present invention have surprisingly
established that a mutation of the a-isopropylmalate synthase
leads to an increase in the production of ketoisocaproate and
leucine. Without wishing to be bound to any theory, the inven-
tors suspect that this mutation decreases or even eliminates
the feedback inhibition of the enzyme, i.e. the reduction in
enzyme activity mediated by binding the product to the
enzyme.

The expression “leucine”, which is used synonymously
with “L-leucine”, also includes the salts thereof such as, for
example, [-leucine hydrochloride, I.-leucine sulphate or the
calcium salt. Likewise, the expression ketoisocaproate (KIC)
also comprises salts thereof such as, for example, calcium-
KIC, potassium-KIC or sodium-KIC.

The invention relates to an isolated nucleotide sequence
encoding an amino acid sequence that is at least 290%, =92%,
294%, =96%, =297%, =98%, =99% or 100%, preferably
=297%, particularly preferably =98%, very particularly pref-
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erably 299%, and extremely preferably 100%, identical to the
amino acid sequence of SEQ ID NO:2, wherein SEQ ID
NO:2, at position 553, or at a corresponding position of the
amino acid sequence, has a proteinogenic amino acid other
than L-tyrosine.

In a preferred embodiment, the amino acid sequence
encoded by the nucleic acid sequence according to the inven-
tion has, at the position 553 or a corresponding position, an
amino acid which is selected from the group consisting of
glutamic acid, aspartic acid, alanine, cysteine, serine, threo-
nine, lysine, arginine, glutamine and asparagine, particularly
preferably from the group consisting of glutamic acid and
aspartic acid.

In a preferred embodiment, the amino acid sequence
encoded by the nucleic acid sequence according to the inven-
tion has, at position 553 or a corresponding position, [-as-
partic acid.

In a preferred embodiment, the nucleic acid sequence
according to the invention is a nucleic acid sequence having
guanine at position 1657 or a corresponding position, repre-
sented in SEQ ID NO:5.

The expression “a position corresponding to position 553
of the amino acid sequence” or “a position comparable with
position 553 of the amino acid sequence” is taken to mean the
fact that, by insertion or deletion of a codon encoding an
amino acid in the N-terminal region (based on position 553 of
SEQ ID NO:2) of the encoded polypeptide, the positional
statement and length statement in the case of an insertion is
formally increased by one unit, or, in the case of a deletion,
decreased by one unit. In the same manner, by insertion or
deletion of a codon encoding an amino acid in the C-terminal
region (based on position 553) of the encoded polypeptide,
the length statement, in the case of an insertion, is formally
increased by one unit, or, in the case of a deletion, decreased
by one unit. Such comparable positions may be readily iden-
tified by comparison of the amino acid sequences in the form
of an “alignment”, for example using the Clustal W Pro-
gramme (Thompson et al., Nucleic Acids Research 22, 4637-
4680 (1994)) or the MAFFT Programme (Katoh et al.,
Genome Information 2005; 16(1), 22-33).

Such insertions and deletions do not affect the enzymatic
activity substantially. “Do not affect substantially” means
that the enzymatic activity of said variants differs by a maxi-
mum of 10%, a maximum of 7.5%, a maximum of 5%, a
maximum of 2.5%, or a maximum of 1%, from the activity of
the polypeptide having the amino acid sequence of SEQ ID
NO:2.

A method for determining the enzymatic activity of iso-
propylmalate synthase is described in Kohlhaw et al. (Meth-
ods in Enzymology 166:423-9 (1988)); the test is based on
measuring the change in extinction at 412 nm due to thioni-
trobenzoate (TNB) formed from DTNB (5,5'-dithiobis-(2-
nitrobenzoic acid), Ellman’s reagent) by reduction with CoA.

The invention correspondingly also relates to nucleotide
sequences and nucleic acid molecules comprising such
sequences and encoding polypeptide variants of SEQ ID
NO:2 or 6, which contain one or more insertion(s) or dele-
tion(s). Preferably, the polypeptide contains a maximum of'5,
a maximum of 4, a maximum of 3, or a maximum of 2,
insertions or deletions of amino acids.

Preference is given to replicable nucleotide sequences
encoding the enzyme isopropylmalate synthase that are iso-
lated from microorganisms of the genus Corynebacterium, in
particular Corynebacterium glutamicum, wherein the protein
sequences encoded thereby contain a proteinogenic amino
acid other than L-tyrosine at the position corresponding to
position 553 of SEQ ID NO:2.
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Particular preference, furthermore, is given to a replicable
nucleotide sequence (DNA) encoding the enzyme isopropy-
Imalate synthase and which is isolated from microorganisms
of the genus Corynebacterium, in particular Corynebacte-
rium glutamicum, wherein the associated amino acid
sequence contains, at position 553, L-aspartic acid, repre-
sented in SEQ ID NO:6.

The invention further relates to a replicable nucleotide
sequence (DNA) encoding the enzyme isopropylmalate syn-
thase and which is isolated from microorganisms of the genus
Corynebacterium, in  particular  Corynebacterium
glutamicum, the base sequence of which nucleotide sequence
contains, at position 1657, guanine, illustrated in SEQ ID
NO:5.

The invention further relates to plasmids and vectors that
comprise the nucleotide sequences according to the invention
and optionally replicate in microorganisms of the genus
Corynebacterium or are suitable therefor.

The invention further relates to microorganisms of the
genus Corynebacterium that comprise the nucleotide
sequences, vectors and polypeptides according to the inven-
tion.

The invention further relates to a polypeptide comprising
an amino acid sequence encoded by the nucleotide sequence
according to the invention. An exemplary polypeptide is rep-
resented in SEQ ID NO 6.

In a particularly preferred embodiment, the polypeptide
according to the invention or the polypeptide encoded by the
nucleotide sequence according to the invention or the
polypeptide which the microorganism comprises according
to the invention is a modified IPMS having reduced feedback
inhibition relative to the wild-type enzyme, i.e. the enzyme is
less inhibited than the wild-type enzyme by one of its prod-
ucts or a metabolite formed therefrom in metabolism, for
example KIC or L-leucine.

The invention preferably further relates to microorganisms
of the genus Corynebacterium that comprise the nucleotide
sequences, vectors and/or polypeptides according to the
invention and in which microorganisms the nucleotide
sequences encoding the isopropylmalate synthase are present
preferably in overexpressed form.

The invention further relates particularly preferably to
microorganisms of the genus Coryrebacterium that contain
the nucleotide sequences according to the invention and in
which the nucleotide sequences encoding the isopropyl-
malate synthase are present preferably in overexpressed
form, wherein the associated amino acid sequence contains
L-aspartic acid at position 553, represented in SEQ ID NO:6.

For generating the nucleotide sequences according to the
invention that encode a-isopropylmalate synthase character-
ized by an amino acid exchange at position 553 of SEQ ID
NO:2, mutagenesis methods described in the prior art are
used.

For the mutagenesis, in-vitro methods such as, for
example, mutagenic oligonucleotides (T. A. Brown: Gentech-
nologie fiir Einsteiger [Genetic engineering for beginners],
Spektrum Akademischer Verlag, Heidelberg, 1993) or the
polymerase chain reaction (PCR), as described in the hand-
book by Newton and Graham (PCR, Spektrum Akademischer
Verlag, Heidelberg, 1994), can be used.

Further instructions for generating mutations can be found
in the prior art and known textbooks of genetics and molecu-
lar biology such as, e.g., the textbook by Knippers (“Mole-
kulare Genetik” [Molecular genetics], 6 edition, Georg Thi-
eme Verlag, Stuttgart, Germany, 1995), that by Winnacker
(“Gene and Klone” [Genes and clones], VCH Verlagsgesell-
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schaft, Weinheim, Germany, 1990) or that by Hagemann
(“Allgemeine Genetik” [General genetics]|, Gustav Fischer
Verlag, Stuttgart, 1986).

When in-vitro methods are used, the leuA gene described
in the prior art, starting from isolated total DNA of a wild-type
strain, is amplified using the polymerase chain reaction,
optionally cloned into suitable plasmid vectors, and the DNA
is then subjected to the mutagenesis process. Instructions for
amplifying DNA sequences using the polymerase chain reac-
tion (PCR) may be found by those skilled in the art, inter alia,
in the handbook by Gait: Oligonucleotide Synthesis: A Prac-
tical Approach (IRL Press, Oxford, UK, 1984) and in Newton
and Graham: PCR (Spektrum Akademischer Verlag, Heidel-
berg, Germany, 1994). Suitable leuA alleles are then isolated,
studied and sequenced. Instructions for this purpose may be
found, for example, in Kalinowski et al. (Molecular and Gen-
eral Genetics 224: 317-324 (1990)), Kalinowski et al. (Mo-
lecular Microbiology 5:1197-204 (1991)) or Follettie et al.
(Journal of Bacteriology 175, 4096-4103 (1993)). Instruc-
tions on sequencing may be found, for example, in Sanger et
al. (Proceedings of the National Academy of Sciences of the
United States of America, 74:5463-5467, (1977)).

The invention therefore relates to an isolated polynucle-
otide encoding the enzyme isopropylmalate synthase, which
isolated polynucleotide comprises a polynucleotide having
the nucleotide sequence represented in SEQ ID NO:5.

The invention further relates to an isolated polynucleotide
encoding the enzyme isopropylmalate synthase, which iso-
lated polynucleotide comprises the nucleotide sequence rep-
resented in SEQ ID NO:5 or consists thereof.

Details on the biochemistry or chemical structure of nucle-
otide sequences as occur in living creatures, such as, for
example, microorganisms, may be found, inter alia, in the
textbook “Biochemie” [Biochemistry] by Berg et al. (Spek-
trum Akademischer Verlag Heidelberg, Berlin, Germany,
2003; ISBN 3-8274-1303-6).

In a preferred embodiment, the expression “nucleotide
sequence” or “amino acid sequence” is taken to mean nucleic
acid molecules from the group comprising DNA, RNA and
modified forms thereof, or polypeptides that comprise the
specified sequence, for example in fusion with another
sequence, or consist thereof.

If'the nucleotide sequence consists of deoxyribonucleotide
monomers having the nucleobases or bases adenine (A), gua-
nine (G), cytosine (C) and thymine (T), then this is described
as deoxyribonucleotide sequence or deoxyribonucleic acid
(DNA). If the nucleotide sequence consists of ribonucleotide
monomers having the nucleobases or bases adenine (A), gua-
nine (G), cytosine (C) and uracil (U), then this is described as
ribonucleotide sequence or ribonucleic acid (RNA). In said
nucleotide sequences, the monomers are covalently bound to
one another via a 3'—5'-phosphodiester bond.

A gene, from the chemical viewpoint, is a nucleotide
sequence. A nucleotide sequence that encodes a protein/
polypeptide is here used synonymously with the expression
“gene”. The two expressions “gene” and “encoding region”
are used synonymously and, in the same way, the two expres-
sions “protein” and “polypeptide”.

“Proteinogenic amino acids™ are taken to mean the amino
acids that occur in natural proteins, that is to say in proteins
from microorganisms, plants, animals and humans. They
serve as structural units for proteins in which they are linked
to one another via peptide bonds.

If, hereinafter, proteinogenic L-amino acids are men-
tioned, this means one or more of the amino acids including
salts thereof selected from the group L-aspartic acid, [.-as-
paragine, L-threonine, L-serine, L-glutamic acid,
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6
L-glutamine, L-glycine, L-alanine, L-cysteine, L-valine,
L-methionine, L-isoleucine, L-leucine, L-tyrosine, L-pheny-
lalanine, L[-histidine, L-lysine, L-tryptophan, L-arginine,
L-proline and, optionally, L-selenocysteine and L-pyrrol-
ysine. The L-amino acids likewise include I.-homoserine.
Particular preference is given to the L-amino acid L-leucine.

Overexpression is taken to mean, generally, an increase in
the intracellular concentration or activity of a ribonucleic
acid, a protein (polypeptide) or an enzyme, compared with
the starting strain (parent strain) or wild-type strain, if this is
the starting strain. A starting strain (parent strain) is taken to
mean the strain on which the measure leading to the overex-
pression was carried out.

In the overexpression, the methods of recombinant over-
expression are preferred. These include all methods in which
a microorganism is produced using a DNA molecule pro-
vided in vitro. Such DNA molecules comprise, for example,
promoters, expression cassettes, genes, alleles, encoding
regions etc. These are converted into the desired microorgan-
ism by methods of transformation, conjugation, transduction
or like methods.

The extent of the expression or overexpression can be
established by measuring the amount of the mRNA tran-
scribed by the gene, by determining the amount of the
polypeptide, and by determining the enzyme activity.

For determining the amount of mRNA, inter alia, the
method of Northern Blotting and quantitative RT-PCR can be
used. In quantitative RT-PCR, a reverse transcription is con-
nected upstream of the polymerase chain reaction. For this
purpose, the LightCycler™ System from Roche Diagnostics
(Boehringer Mannheim GmbH, Roche Molecular Biochemi-
cals, Mannheim, Germany) can be used, as described, for
example, in Jungwirth et al. (FEMS Microbiology Letters
281, 190-197 (2008)). The concentration of the protein can be
determined by 1- and 2-dimensional protein gel separation
and subsequent optical identification of the protein concen-
tration in the gel using corresponding evaluation software. A
common method for preparation of the protein gels for
coryneform bacteria and for identifying the proteins is the
procedure described by Hermann et al. (Electrophoresis,
22:1712-23 (2001)). The protein concentration can likewise
be determined by Western-blot hybridization with an anti-
body specific for the protein that is to be detected (Sambrook
et al., Molecular cloning: a laboratory manual. 2"¢ Ed. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1989) and subsequent optical evaluation with corresponding
software for determining the concentration (Lohaus and
Meyer (1998) Biospektrum 5:32-39; Lottspeich, Angewandte
Chemie 321: 2630-2647 (1999)). The statistical significance
of the data obtained is determined using a T test (Gosset,
Biometrika 6(1): 1-25 (1908)).

For achieving overexpression, in the prior art, a multiplic-
ity of methods are available. These include, in addition to
modifying the nucleotide sequences that control the expres-
sion of the gene, also increasing the copy number.

The copy number can be increased by plasmids which
replicate in the cytoplasm of the microorganism. For this
purpose, in the prior art, an abundance of plasmids are
described for the most varied groups of microorganisms, with
which plasmids the desired increase in copy number of the
gene can be set. Suitable plasmids for the genus Corynebac-
terium are described, for example, in Tauch et al. (Journal of
Biotechnology 104 (1-3), 27-40, (2003)), or in Stansen et al.
(Applied and Environmental Microbiology 71, 5920-5928
(2005)).

The copy number can additionally be increased by at least
one (1) copy by inserting further copies into the chromosome
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of the microorganism. Suitable methods for the genus
Corynebacterium are described, for example, in the patent
documents WO 03/014330, WO 03/040373 and WO
04/069996.

Gene expression can additionally be increased in that a
plurality of promoters are positioned upstream of the desired
gene, or are functionally linked to the gene that is to be
expressed and in this manner increased expression is
achieved. Examples thereof are described in the patent docu-
ment WO 2006/069711.

Transcription of a gene may be controlled by proteins that
suppress transcription (repressor proteins) or promote it (acti-
vator proteins). Therefore, to achieve overexpression, it is
likewise possible to increase the expression of activator pro-
teins or to reduce the expression of repressor proteins or to
turn them off or else to eliminate the binding sites of the
repressor proteins.

The rate of elongation is affected by codon usage; the use
of codons for transfer (t)-RNAs frequently occurring in the
starting strain can amplify the translation. In addition, the
exchange of a start codon for the codon ATG most frequently
occurring in many microorganisms (77% in Escherichia coli)
can considerably enhance translation, since, at the RNA level,
the codon AUG is two to three times more effective than, for
example, the codons GUG and UUG (Khudyakov et al.,
FEBS Letters 232(2):369-71 (1988); Reddy et al., Proceed-
ings of the National Academy of Sciences of the USA 82(17):
5656-60 (1985)). Also, the sequence environment of the start
codon can be optimized since interactive effects between the
start codon and the flanking regions have been described
(Stenstrom et al., Gene 273(2):259-65 (2001); Hui et al.,
EMBO Journal 3(3):623-9 (1984)).

Instructions on handling DNA, digestion and ligation of
DNA, transformation and screening of transformants may be
found, inter alia, in the known handbook by Sambrook et al.
“Molecular Cloning: A Laboratory Manual”, Second Edition
(Cold Spring Harbor Laboratory Press, 1989).

The invention also relates to vectors that comprise the
polynucleotide according to the invention.

Kirchner and Tauch (Journal of Biotechnology 104:287-
299 (2003)) describe a selection of the vectors to be employed
in Corynebacterium glutamicum.

The invention further relates to a microorganism according
to the invention, characterized in that the nucleotide sequence
according to the invention is integrated in a chromosome.
Homologous recombination permits, with use of the vectors
according to the invention, the exchange of DNA sections on
the chromosome for polynucleotides according to the inven-
tion which are transported into the cell by the vector. For
efficient recombination between the ring-type DNA molecule
of the vector and the target DNA on the chromosome, the
DNA region that is to be exchanged containing the polynucle-
otide according to the invention is provided at the ends with
nucleotide sequences homologous to the target site; these
determine the site of integration of the vector and of exchange
of the DNA.

For instance, the polynucleotide according to the invention
can be exchanged for the native leuA gene at the native gene
site in the chromosome, or integrated at a further gene site.

Expression or overexpression is preferably carried out in
microorganisms of the genus Corynebacterium. Within the
genus Corynebacterium, strains are preferred which are
based on the following species: Corynebacterium efficiens,
wherein the type strain is deposited as DSM44549, Coryne-
bacterium glutamicum, wherein the type strain is deposited as
ATCC13032, and Corynebacterium ammoniagenes, wherein
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the type strain is deposited as ATCC6871. The species
Corynebacterium glutamicum is very particularly preferred.

Some members of the species Corynebacterium
glutamicum are also known in the prior art under other names.
These include, for example: strain ATCC13870, which has
been termed Corymebacterium acetoacidophilum, strain
DSM20137, which has been termed Corynebacterium lilium,
strain ATCC17965, which has been termed Corynebacterium
melassecola, strain ATCC14067, which has been termed
Brevibacterium flavum, strain ATCC13869, which has been
termed  Brevibacterium  lactofermentum, and strain
ATCC14020, which has been termed Brevibacterium divari-
catum.

The expression “Micrococcus glutamicus” for Corynebac-
terium glutamicum has likewise been used. Some members of
the species Corynebacterium efficiens have also been called
in the prior art Corynebacterium thermoaminogenes, such as,
for example, strain FERM BP-1539.

The microorganisms or strains (starting strains) used for
the measures of introducing a feedback-resistant IPMS pref-
erably already possess the capability of secreting KIC or
L-leucine into the surrounding nutrient medium and accumu-
lating it there. For this process, hereinafter, the expression
“producing” is also used. In particular, the strains used for the
overexpression measures possess the capability of accumu-
lating in the cell or in the nutrient medium (= means at least)
=20.10g/1,0.25 g/1, 20.5 g/1, 21.0 g/1, =1.5 g/1, 22.0 g/1, =4 g/1
or 210 g/l of L-leucine or KIC in (= means at most)<120
hours, =96 hours, =48 hours, =36 hours, <24 hours or <12
hours. The starting strains are preferably strains which were
produced by mutagenesis and screening, by recombinant
DNA techniques or by a combination of both methods.

It is understandable to those skilled in the art that it is also
possible to arrive at a microorganism suitable for the mea-
sures of the invention in that, in a wild strain, such as, for
example, in the Corynebacterium glutamicum type strain
ATCC 13032 orin the strain ATCC 14067, first the polynucle-
otide according to the invention according to SEQ IDNO:5 is
inserted and then the microorganism is caused, by further
genetic measures described in the prior art, to produce the
desired KIC or L-leucine.

Information on the taxonomic classification of strains of
this group of bacteria may be found, inter alia, in Seiler
(Journal of General Microbiology 129, 1433-1477 (1983)),
Kinoshita (1985, Glutamic Acid Bacteria, p. 115-142. In:
Demain and Solomon (ed), Biology of Industrial Microor-
ganisms. The Benjamin/Cummins Publishing Co., London,
UK), Kémpfer and Kroppenstedt (Canadian Journal of
Microbiology 42, 989-1005 (1996)), Liebl et al. (Interna-
tional Journal of Systematic Bacteriology 41, 255-260
(1991)) and in U.S. Pat. No. 5,250,434.

Strains having the designation “ATCC” can be obtained
from the American Type Culture Collection (Manassas, Va.,
USA). Strains having the designation “DSM” can be obtained
from the German Collection of Microorganisms and Cell
Cultures (DSMZ, Brunswick, Germany). Strains having the
designation “NRRL” can be obtained from the Agricultural
Research Service Patent Culture Collection (ARS, Peoria,
1., US). Strains having the designation “FERM” can be
obtained from the National Institute of Advanced Industrial
Science and Technology (AIST Tsukuba Central 6, 1-1-1
Higashi, Tsukuba Ibaraki, Japan).

KIC-secreting or -producing strains are based, for
example, on:

Corynebacterium glutamicum, strain ATCC13032,

Brevibacterium flavum, strain ATCC 14067 and

Brevibacterium lactofermentum, strain ATCC 13869.
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In combination with the production of ketoisocaproate, in
addition, preferably one or more genes of the nucleotide
sequences are (over)expressed that encode enzymes of the
biosynthesis of ketoisocaproate, selected from the group:

a) polynucleotides (ilvB gene and ilvN gene) that encode the
subunits of an acetolactate synthase (IlvBN, EC No.:
4.1.3.18)

b) polynucleotide (ilvC gene) that encodes an isomeroreduc-
tase (IlvC, EC No.: 1.1.1.86)

¢) polynucleotide (ilvD gene) that encodes a dihydroxy acid
dehydratase (IlvD, EC No.: 4.2.1.9)

d) polynucleotide (ilvE gene) that encodes a transaminase
(IVE, EC No.: 2.6.1.42)

e) polynucleotide (leuA gene) that encodes an isopropyl-
malate synthase (leuA, EC No.: 2.3.3.13)

f) polynucleotide (leuB gene) that encodes an isopropyl-
malate dehydrogenase (leuB, EC No.: 1.1.1.85)

g) polynucleotide (leuC gene) that encodes the large subunit
of an isopropylmalate isomerase (leuC, EC No.: 4.2.1.33)

h) polynucleotide (leuD gene) that encodes the small subunit
of an isopropylmalate isomerase (leuD, EC No.: 4.2.1.33)
wherein the genes ilvBN; ilvC, ilvD, leuA, leuB, leuC and

leuD are particularly preferred for a-ketoisocaproic acid
(KIO).

The present invention provides a microorganism which
produces KIC or L-leucine, wherein the microorganism has a
feedback-resistant a-isopropylmalate synthase owing to the
use of the polynucleotide according to the invention accord-
ing to SEQ ID NO: 5.

Fermentative process for producing the fine chemical KIC
or L-leucine comprising the following steps:

a) fermentation of one of the microorganisms according to

any one of Claim 7 to 12 in a medium,

b) accumulation of the KIC or L-leucine in the medium,

wherein a fermentation broth is obtained. In this case it is

preferred that the fine chemical or a liquid or solid fine chemi-
cal-containing product is obtained from the fine chemical-
containing fermentation broth.

The use of such a process according to the invention leads,
as shown in Example 4 with reference to ketoisocaproate
production or as shown in Example 5 with reference to L-leu-
cine production, to an extraordinary increase in yield com-
pared with the respective starting strain (Example 4, KIC:
0.027 g/g vs. 0.012 g/g; Example 5, leucine: 0.041 g/g vs.
0.002 g/g).

In addition, it is particularly preferred that the microorgan-
ism according to the invention produces KIC or L-leucine,
still more preferably secretes KIC or L-leucine into the
medium. The microorganisms produced can be cultured con-
tinuously—as described, for example, in WO 05/021772—or
discontinuously in the batch process (batch culturing or batch
process) or in the fed-batch or repetitive fed-batch process for
the purpose of production of the desired organic chemical
compound. A summary of a general type on known culturing
methods is available in the textbook by Chmiel (Bioproz-
esstechnik 1. Einfiihrung in die Bioverfahrenstechnik [Pro-
cess biotechnology 1. Introduction to bioengineering]
(Gustav Fischer Verlag, Stuttgart, 1991)) or in the textbook by
Storhas (Bioreaktoren and periphere Einrichtungen [Biore-
actors and periphery equipment] (Vieweg Verlag, Brunswick/
Wiesbaden, 1994)).

The culture medium or fermentation medium that is to be
used must appropriately satisfy the demands of the respective
strains. Descriptions of culture media of various microorgan-
isms are contained in the handbook “Manual of Methods for
General Bacteriology” of the American Society for Bacteri-
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10
ology (Washington D.C., USA, 1981). The terms culture
medium and fermentation medium or medium are mutually
exchangeable.

As carbon source, sugars and carbohydrates can be used,
such as, e.g., glucose, sucrose, lactose, fructose, maltose,
molasses, sucrose-containing solutions from beet sugar or
sugar cane processing, starch, starch hydrolysate and cellu-
lose, oils and fats, such as, for example, soybean oil, sun-
flower oil, groundnut oil and coconut fat, fatty acids, such as,
for example, palmitic acid, stearic acid and linoleic acid,
alcohols such as, for example, glycerol, methanol and etha-
nol, and organic acids, such as, for example, acetic acid or
lactic acid.

As nitrogen source, organic nitrogen compounds such as
peptones, yeast extract, meat extract, malt extract, corn-steep
water, soybean meal and urea or inorganic compounds such
as ammonium sulphate, ammonium chloride, ammonium
phosphate, ammonium carbonate and ammonium nitrate can
be used. The nitrogen sources can be used individually or as
a mixture.

As phosphorus source, phosphoric acid, potassium dihy-
drogenphosphate or dipotassium hydrogenphosphate or the
corresponding sodium-containing salts can be used.

The culture medium must, in addition, contain salts, for
example in the form of chlorides or sulphates of metals such
as, for example, sodium, potassium, magnesium, calcium and
iron, such as, for example, magnesium sulphate or iron sul-
phate, which are necessary for growth. Finally, essential
growth substances such as amino acids, for example
homoserine and vitamins, for example thiamine, biotin or
pantothenic acid, can be used in addition to the abovemen-
tioned substances.

Said starting materials can be added to the culture in the
form of a single batch, or supplied in a suitable manner during
the culturing.

Basic compounds such as sodium hydroxide, potassium
hydroxide, ammonia or ammonia water, or acid compounds
such as phosphoric acid or sulphuric acid, are used in a
suitable manner for pH control of the culture. The pH is
generally adjusted to 6.0 to 8.5, preferably 6.5 to 8. For
control of foam development, antifoams can be used, such as,
for example, polyglycol esters of fatty acids. For maintaining
the stability of plasmids, suitable selectively acting sub-
stances such as, for example, antibiotics, can be added to the
medium. The fermentation is preferably carried out under
aerobic conditions. In order to maintain said aerobic condi-
tions, oxXygen or oxygen-containing gas mixtures such as, for
example, air, are introduced into the culture. The use of lig-
uids that are enriched with hydrogen peroxide is likewise
possible. Optionally, the fermentation is carried out at super-
atmospheric pressure, for example at a superatmospheric
pressure 0£0.03 to 0.2 MPa. The temperature of the culture is
usually 20° C. to 45° C., and preferably 25° C. to 40° C.,
particularly preferably 30° C.t037° C. In the case of batch or
fed-batch processes, the culturing is preferably continued
until an amount sufficient for the measure of obtaining the
desired organic chemical compound has formed. This goal is
usually reached within 10 hours to 160 hours. In continuous
processes, longer culture times are possible. Owing to the
activity of the microorganisms, enrichment (accumulation) of
the fine chemicals in the fermentation medium and/or in the
cells of the microorganisms occurs.

Examples of suitable fermentation media may be found,
inter alia, in patent documents U.S. Pat. No. 5,770,409, U.S.
Pat. No. 5,990,350, U.S. Pat. No. 5,275,940, WO 2007/
012078, U.S. Pat. No. 5,827,698, WO 2009/043803, U.S. Pat.
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No. 5,756,345 or U.S. Pat. No. 7,138,266; appropriate modi-
fications may optionally be carried out to the requirements of
the strains used.

L-Amino acids can be analysed for determination of the
concentration at one or more timepoints in the course of the
fermentation by separation of the L-amino acids by way of
ion-exchange chromatography, preferably cation-exchange
chromatography, with subsequent post-column derivatiza-
tion, using ninhydrin, as described in Spackman et al. (Ana-
Iytical Chemistry 30: 1190-1206 (1958)). Instead of ninhy-
drin, ortho-phthaldialdehyde can also be used for post-
column derivatization. A review article on ion-exchange
chromatography may be found in Pickering (LC*GC (Maga-
zine of Chromatographic Science) 7(6), 484-487 (1989)).

It is likewise possible to perform a pre-column derivatiza-
tion, for example using ortho-phthaldialdehyde or phenyl-
isothiocyanate, and to separate the resultant amino acid
derivatives by reversed-phase chromatography (RP) prefer-
ably in the form of high-performance liquid chromatography
(HPLC). Such a method is described, for example, in Lin-
droth et al. (Analytical Chemistry 51: 1167-1174 (1979)).

Detection proceeds photometrically (absorption, fluores-
cence).

A summarizing presentation on amino acid analysis may
be found, inter alia, in the textbook “Bioanalytik™ [Bioanaly-
sis] by Lottspeich and Zorbas (Spektrum Akademischer Ver-
lag, Heidelberg, Germany 1998).

Analysis of a-keto acids such as KIC for determining the
concentration at one or more timepoints in the course of the
fermentation can be carried out by separating the keto acids
and other secretion products by way of ion-exchange chro-
matography, preferably cation-exchange chromatography, on
a sulphonated styrene-divinylbenzene polymer in the H+
form, e.g. using 0.025 N sulphuric acid with subsequent UV
detection at 215 nm (alternatively, also at 230 or 275 nm).
Preferably, a REZEX RFQ—Fast Fruit H+ column (Phenom-
enex) can be used; other suppliers for the separation phase
(e.g. Aminex from BioRad) are possible. Similar separations
are described in corresponding application examples of the
suppliers.

The performance of the processes or fermentation pro-
cesses according to the invention with respect to one or more
of the parameters selected from the group of concentration
(compound formed per volume), yield (compound formed
per carbon source consumed), formation (compound formed
per volume and time) and specific formation (compound
formed per cell dry mass or bio dry mass and time or com-
pound formed per cell protein and time) or other process
parameters and combinations thereof, is increased by at least
0.5%, at least 1%, at least 1.5% or at least 2%, based on
processes or fermentation processes with microorganisms in
which the promoter variant according to the invention is
present.

Owing to the measures of the fermentation, a fermentation
broth is obtained which contains the desired fine chemical,
preferably amino acid or organic acid.

Then, a product in liquid or solid form that contains the fine
chemical is provided or produced or obtained.

A fermentation broth is taken to mean, in a preferred
embodiment, a fermentation medium or nutrient medium in
which a microorganism was cultured for a certain time and at
a certain temperature. The fermentation medium, or the
media used during the fermentation, contains/contain all sub-
stances or components that ensure production of the desired
compound and typically ensure growth and/or viability.
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On completion of the fermentation, the resultant fermen-
tation broth accordingly contains
a) the biomass (cell mass) of the microorganism resulting

from growth of the cells of the microorganism,

b) the desired fine chemical formed in the course of the
fermentation,

¢) the organic by-products possibly formed in the course of
the fermentation, and

d) the components of the fermentation medium used, or of the
starting materials, that are not consumed by the fermenta-
tion, such as, for example, vitamins such as biotin, or salts
such as magnesium sulphate.

The organic by-products include substances which are
generated in addition to the respective desired compound by
the microorganisms used in the fermentation and are possibly
secreted.

The fermentation broth is withdrawn from the culture ves-
sel or the fermentation container, optionally collected, and
used for providing a product in liquid or solid form containing
the fine chemical. The expression “obtaining the fine chemi-
cal-containing product” is also used therefor. In the simplest
case, the fine chemical-containing fermentation broth with-
drawn from the fermentation container is itself the product
obtained.

By way of one or more of the measures selected from the
group
a) partial (>0% to <80%) to complete (100%) or virtually

complete (=80%, =90%, =95%, =96%, =97%, =98%,

299%) removal of the water,

b) partial (>0% to <80%) to complete (100%) or virtually
complete (=80%, =90%, =95%, =96%, =97%, =98%,
299%) removal of the biomass, wherein this is optionally
inactivated before the removal,

¢) partial (>0% to <80%) to complete (100%) or virtually
complete (=80%, =90%, =95%, =96%, =97%, =98%,
299%, 299.3%, =99.7%) removal of the organic by-prod-
ucts formed in the course of the fermentation, and

d) partial (>0%) to complete (100%) or virtually complete
(280%, =90%, =95%, =96%, =97%, =98%, =99%,
299.3%, =99.7%) removal of the components of the fer-
mentation medium used or the starting materials that are
not consumed by the fermentation,

a concentration or purification of the desired organic chemi-

cal compound is achieved from the fermentation broth. In this

manner, products are isolated that have a desired content of
the compound.

The partial (>0% to <80%) to complete (100%) or virtually
complete (=80% to <100%) removal of the water (measure
a)) is also termed drying.

In a variant of the process, by complete or virtually com-
plete removal of the water, the biomass, the organic by-prod-
ucts and the non-consumed components of the fermentation
medium used, pure (=80% by weight, 290% by weight) or
high-purity (295% by weight, 297% by weight, 299% by
weight) product forms of the desired organic chemical com-
pound, preferably [.-amino acids, are successfully arrived at.
For the measures according to a), b), ¢) or d), a great variety
of technical instructions are available in the prior art.

In the case of processes for producing KIC or L-leucine,
using bacteria of the genus Corynebacterium, processes are
preferred in which products are obtained that do not contain
any components of the fermentation broth. These products
are used, in particular, in human medicine, in the pharmaceu-
ticals industry, and in the food industry.

The process according to the invention serves for the fer-
mentative production of KIC or L-leucine.
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The invention finally relates to use of the microorganism
according to the invention for the fermentative production of
KIC or L-leucine.

The present invention will be described in more detail
hereinafter with reference to exemplary embodiments.

EXAMPLE 1

Production of the Exchange Vector
pK18mobsacB_leuA_Y553D

The synthesis of an 812 bp long exchange construct was
performed at GeneArt (Life Technologies GmbH, Darmstadt,
Germany) (see SEQ ID NO:7). The fragment contains the last
594 bp of the wild-type leuA gene (C terminus) to 206 bp of
the downstream region of the leuA gene of ATCC13032, and
also both the Sphl and BamHI cutting sites required for clon-
ing into the vector pK18mobsacB. At position 195, upstream
of'the 3' end of the leuA gene, in this exchange fragment the
base T is mutated to the base G—this changes the wild-type
codon TAC (encoding the amino acidY, tyrosine) to the codon
GAC (encoding the amino acid D, aspartate). Cloning the
fragment into the vector pK18mobsacB was carried out at the
company GeneArt. The resultant exchange vector
pK18mobsacB_leuA_Y553D was delivered by GeneArt and
used for producing the example strains (see Example 3).

EXAMPLE 2

Production of Strain C. glutamicum
ATCC13032_DilvE

Strain C. glutamicum ATCC13032 was transformed with
the plasmid pK19mobsacB_DilvE (Marienhagen et al., Jour-
nal of Bacteriology 187:7639-7646 (2005)) by electropora-
tion. The electroporation was carried out according to the
protocol of Haynes et al. (FEMS Microbiology Letters 61:
329-334 (1989)).

The plasmid pK18mobsacB or pK18mobsacB_DilvE can-
not replicate independently in C. glutamicum ATCC13032
and is only retained in the cell if, as a consequence of a
recombination event, it has integrated into the chromosome.
The screening of clones having an integrated
pK18mobsacB_DilvE was carried out by plating out the elec-
troporation batch on LB agar (Sambrook et al., Molecular
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Habor,
N.Y., 1989) which has been supplemented with 15 mg/1 of
kanamycin. Clones that grew were streaked onto LB agar
plates containing 25 mg/1 of kanamycin and incubated for 16
hours at 33° C. For screening mutants in which, as a conse-
quence of a second recombination event, the plasmid has been
excized, the clones were cultured for 20 hours unselectively
in LB liquid medium (+5 g/l of potassium acetate), then
streaked onto LB agar containing 10% sucrose and incubated
for 24 hours.

The plasmid pK18mobsacB_DilvE contains, just like the
starting plasmid pK18mobsacB, in addition to the kanamycin
resistance gene, a copy of the sacB gene encoding the levan
sucrase from Bacillus subtilis. The sucrose-inducible expres-
sion leads to the formation of levan sucrase which catalyses
the synthesis of levan, the toxic product for C. glutamicum.
On LB agar (containing 5 g/l of potassium acetate), with
sucrose, therefore, only those clones grow in which the inte-
grated pK18mobsacB has again been excized. In the excision,
together with the plasmid, either the complete chromosomal
copy of ilvE can be excized, or the incomplete copy with the
internal deletion of ilvE.

Approximately 40 to 50 colonies were examined for the
phenotype “growth in the presence of sucrose” and “non-
growth in the presence of kanamycin”. In order to detect that
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the deleted ilvE allele has remained in the chromosome,
approximately 20 colonies which have the phenotype
“growth in the presence of sucrose” and “non-growth in the
presence of kanamycin” were studied according to the stan-
dard PCR method of Innis et al. (PCR Protocols. A Guide to
Methods and Applications, 1990, Academic Press) using the
polymerase chain reaction. In this case, from the chromo-
somal DNA of the colonies, one DNA fragment was ampli-
fied which carries the surrounding regions of the deleted ilvE
region. The following primer oligonucleotides were selected
for the PCR.

i1vE-Xbal-fw
5'-gctctagagccaagectagecattectcaa-3"!

ilvE-Xbal-rev
5'-gctctagagccagccactgecattetectta-3"!

The primers permit, in control clones having complete ilvE
locus, the amplification of an approximately 1.4 kb size DNA
fragment. In clones having a deleted argFRGH locus, DNA
fragments having a size of approximately 0.6 kb were ampli-
fied.

The amplified DNA fragments were identified by electro-
phoresis in a 0.8% strength agarose gel. It could be shown
thereby that the strain carries a deleted ilvE allele on the
chromosome. The strain was termed C. glutamicum
ATCC13032_DilvE and was studied in the production test
(see Example 4) for its capability of producing isocaproate.

EXAMPLE 3
Production of the Strain C. glutamicum

ATCC13032_DilvE_leuAY553D and C. glutamicum
ATCC13032_leuAY 553D

The strain C. glutamicum ATCC13032 and strain C.
glutamicum ATCC13032_DilvE from Example 2 were trans-
formed by electroporation with the  plasmid
pK18mobsacB_leuA_Y553D from Example 1. The method
is described in detail in Example 2.

Exchange of the wild-type codon TAC (encoding tyrosine
at position 553) for the codon GAC (encoding aspartate at
position 553) was demonstrated by sequencing a plurality of
candidate clones of the phenotype “growth in the presence of
sucrose” and “non-growth in the presence of kanamycin”. For
this purpose, first a PCR fragment of leuA-1 (767 bp long)
having the primers leuAl (5'-GATCTATCTAGAT-
TGAGGGCCTTGGGCATACG-3") and leuA-2 (5'-
GATCTAGGATCCGCGACTACGAGGCTGTTATC-3")
was produced, and this was sequenced with the primer leuA-3
(5'-GATCTATCTAGAAAGCTTAAACGCCGCCAGCC-
3". Positive candidate clones were selected and examined in
the subsequent performance test (Examples 4 and 5).

EXAMPLE 4

Production of ketoisocaproate with C. glutamicum
ATCC13032, C. glutamicum ATCC13032_DilvE and
C. glutamicum ATCC13032_DilvE_leuAY553D

To study their ability to produce ketoisocaproate, the
strains C. glutamicum ATCC13032, C. glutamicum
ATCC13032_DilvE and C. glutamicum
ATCC13032_DilvE_leuAY 553D were precultured in 10 ml
of test medium in each case for 16 h at 33° C. For the pro-
duction test, each 10 ml of test medium were inoculated with
the resultant preculture in such a manner that the starting OD
600 (optical density at 600 nm) was 0.1. Each clone was
examined in three shake flasks in such a manner that each
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strain is represented by in total nine shake flasks. The test
medium was identical to the CgXIl medium described in
Keilhauer et al. (Journal of Bacteriology (1993) 175: 5593-
5603), but additionally contained in each case 200 mg/1 of the
amino acids L-leucine, L-valine and L-isoleucine. For the
sake of simplicity, the composition of the test medium is
summarized in Table 1 hereinafter.

TABLE 1

Composition of CgXII medium with addition of in each case 200
mg/l of the amino acids L-leucine, L-valine and L-isoleucine

Component Content per 1
(NH4)2804 20 g
Urea 5g
KH,PO, lg
K,HPO, lg
MgSO,*7 H,O 025 g
3-Morpholinopropane- 42 g
sulphonic acid (MOPS)

CaCl, 001 g
FeSO,4*7H,0 001 g
MnSO,4*H,0O 001 g
ZnS0,*7 H,0O 0.001 g
CuSO, 0.0002 g
NiCl,*6H,0 0.00002 g
Biotin 0.0002 g
Protocatechuic acid 003 g
Glucose 40 g
L-Valine 02 g
L-Isoleucine 02 g
L-Leucine 02 g
pH (with NaOH) 7

Culturing was carried out at 33° C. and 200 rpm in 100 ml
shake flasks. The amplitude of the shaker was 5 cm. After 24
hours, samples were withdrawn from the cultures and the
optical density was determined. Subsequently the cells were
briefly centrifuged off (bench centrifuge type 5415D (Eppen-
dorf) at 13 000 rpm, 10 min, room temperature) and the
content of glucose and the content of ketoisocaproate were
determined in the supernatant.

The optical density was determined at a wavelength of 660
nm using a GENios microtitre plate photometer (Tecan,
Reading UK). The samples were diluted before measurement
1:100 with demineralized water. The analysis of KIC for
determination of the concentration proceeds by separation of
the keto acids and other secretion products by cation-ex-
change chromatography (REZEX RFQ—Fast Fruit H+ col-
umn (Phenomenex)) on a sulphonated styrene-divinylben-
zene polymer in the H+ form using 0.025 N sulphuric acid
with subsequent UV detection at 215 nm.

For calculation of the KIC yield, the amount of KIC formed
was divided by the amount of dextrose consumed.

The results of the shake flask experiment for ketoisoca-
proate formation are shown in Table 2.
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TABLE 2

Ketoisocaproate formation after 24 hours incubation.
Abbreviations: KIC = ketoisocaproate

Time
24 hours
Strain KIC g/l Yield g/g OD
ATCC 13032 0 0 28.40 = 1.10
ATCC 13032__DilvE 0.40+0.03 0.012+0.003 25.91 +0.81
ATCC 1.09 +0.05  0.027 £0.004 25.71 £2.20
13032__DilvE__leuAY553D
EXAMPLE 5

Production of L-leucine with C. glutamicum
ATCC13032 and C. glutamicum
ATCC13032_leuAY 553D

For investigation of their ability to produce leucine, the
strains C. glutamicum ATCC13032 and C. glutamicum
ATCC13032_leuAY 553D were precultured in in each case 10
ml of test medium for 16 h at 33° C. The production test was
carried out in a similar manner to Example 4, with the excep-
tion of an adaptation of the test medium which, for this test,
did not contain the supplements leucine, valine and isoleu-
cine. The test medium was identical to the CgXIl medium
described in Keilhauer et al. (Journal of Bacteriology (1993)
175: 5593-5603).

The optical density was determined at a wavelength of 660
nm using a GENios microtitre plate photometer (Tecan,
Reading UK). The samples were diluted before measurement
1:100 with demineralized water. The amount of leucine
formed was determined using an amino acid analyser from
Eppendort-BioTronik (Hamburg, Germany) by ion-ex-
change chromatography and post-column derivatization with
ninhydrin detection.

In Table 3, the performance data obtained from the shake
flask experiment on leucine formation are summarized.

For calculation of the leucine yield, the amount of leucine
formed was divided by the amount of dextrose consumed.

TABLE 3

Leucine formation after incubation for 24 hours.

Time
24 hours
Strain Leucine g/l Yield g/g OD
ATCC 13032 0.05+0.01 0.002£0.001 2630=«1.10
ATCC13032_leuAY553D 1.55+£0.07 0.041 £0.004 23.55 +1.80

FIG. 1: Map of the plasmid pK18mobsacB_leuA_Y553D
The abbreviations and names used have the following
meanings.
oriV: ColE1-like origin from pMB1
sacB: the sacB gene encoding the protein levansucrase
RP4-mob: RP4 mobilization site
Kan: resistance gene for kanamycin
leuA-3": 594 bp of the leuA gene (C terminus)

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 1851

<212> TYPE: DNA

<213> ORGANISM: Corynebacterium glutamicum
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-continued

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1).. (1851

<223> OTHER INFORMATION: leuA encoding region

<400> SEQUENCE: 1

atg tct cct aac gat gca ttc atc tce gca cct gee aag atc gaa acc 48
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

cca gtt ggg cct cgc aac gaa ggc cag cca gca tgg aat aag cag cgt 96
Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg

ggc tcc tca atg cca gtt aac cgc tac atg cct ttec gag gtt gag gta 144
Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

gaa gat att tct ctg ccg gac cgc act tgg cca gat aaa aaa atc acc 192
Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

gtt gca cct cag tgg tgt gct gtt gac ctg cgt gac ggc aac cag gct 240
Val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala

ctg att gat ccg atg tct cct gag cgt aag cgc cgc atg ttt gag ctg 288
Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

ctg gtt cag atg ggc ttc aaa gaa atc gag gtc ggt ttc cct tca get 336
Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

tce cag act gat ttt gat ttc gtt cgt gag atc atc gaa aag ggc atg 384
Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Gly Met
115 120 125

atc cct gac gat gtc acc att cag gtt ctg gtt cag gct cgt gag cac 432
Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

ctg att cgc cgt act ttt gaa gct tgc gaa ggc gca aaa aac gtt atc 480
Leu Ile Arg Arg Thr Phe Glu Ala Cys Glu Gly Ala Lys Asn Val Ile
145 150 155 160

gtg cac ttc tac aac tcc acc tece ate ctg cag cgc aac gtg gtg tte 528
Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

cge atg gac aag gtg cag gtg aag aag ctg get acce gat gece get gaa 576
Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

cta atc aag acc atc gct cag gat tac cca gac acc aac tgg cgc tgg 624
Leu Ile Lys Thr Ile Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

cag tac tce cct gag tee ttce acc gge act gag gtt gag tac gcc aag 672
Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

gaa gtt gtg gac gca gtt gtt gag gtc atg gat cca act cct gag aac 720
Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

cca atg atc atc aac ctg cct tcc acc gtt gag atg atc acc cct aac 768
Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

gtt tac gca gac tcc att gaa tgg atg cac cgc aat cta aac cgt cgt 816
Val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

gat tcc att atc ctg tecc ctg cac cecg cac aat gac cgt gge acc ggc 864
Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285
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-continued

20

gtt
Val

gge
Gly
305

acce
Thr

tte
Phe

ctyg
Leu

get
Ala

atg
Met
385

gag
Glu

cca
Pro

cag
Gln

ctyg
Leu

aac
Asn
465

gat
Asp

ate
Ile

ate
Ile

cge
Arg

gge
Gly
545

gge
Gly

cge
Arg

ctyg
Leu

gge
Gly
290

tgce
Cys

ctyg
Leu

ace
Thr

cge
Arg

ttc
Phe
370

get
Ala

cag
Gln

aag
Lys

tce
Ser

cag
Gln
450

gte
Val

ate
Ile

gecg
Ala

ace
Thr

gge
Gly
530

ate
Ile

gac
Asp

aag
Lys

aag
Lys

gca
Ala

ctyg
Leu

gca
Ala

gat
Asp

gtt
Val
355

tce
Ser

gece
Ala

ctyg
Leu

gat
Asp

gge
Gly
435

ate
Ile

ace
Thr

ttc
Phe

ctyg
Leu

gece
Ala
515

aac
Asn

gac
Asp

gat
Asp

gte
Val

gca
Ala
595

get
Ala

ttc
Phe

ctyg
Leu

ata
Ile
340

cct
Pro

ggt
Gly

aag
Lys

cge
Arg

gte
Val
420

aag
Lys

cct
Pro

gac
Asp

gece
Ala

cge
Arg
500

gag
Glu

gge
Gly

gtt
Val

gca
Ala

tgg
Trp
580

gtg
Val

gag
Glu

gge
Gly

aac
Asn
325

cge
Arg

gag
Glu

tecc
Ser

gtt
Val

gac
Asp
405

ggt
Gly

gge
Gly

cge
Arg

get
Ala

acce
Thr
485

gte
Val

cte
Leu

cca
Pro

gag
Glu

gaa
Glu
565

gge
Gly

acce
Thr

ctyg
Leu

aac
Asn
310

atg
Met

cag
Gln

cge
Arg

cac
His

cag
Gln
390

acce
Thr

cge
Arg

gge
Gly

tecc
Ser

gag
Glu
470

gag
Glu

gag
Glu

ate
Ile

ctyg
Leu

ate
Ile
550

gca

Ala

gte
Val

tecc
Ser

gge
Gly
295

gge
Gly

ctyg
Leu

ate
Ile

cac
His

cag
Gln
375

cca
Pro

gaa
Glu

gac
Asp

gtt
Val

atg
Met
455

gge
Gly

tac
Tyr

aac
Asn

cac
His

gece
Ala
535

cag

Gln

gece
Ala

gge
Gly

gece
Ala

tac
Tyr

gag
Glu

ace
Thr

cge
Arg

cca
Pro
360

gac
Asp

ggt
Gly

tgg
Trp

tac
Tyr

get
Ala
440

cag
Gln

gge
Gly

ctyg
Leu

get
Ala

aac
Asn
520

get
Ala

gaa
Glu

gece
Ala

ate
Ile

gta
Val
600

atg
Met

cge
Arg

cag
Gln

agc
Ser
345

tac
Tyr

get
Ala

get
Ala

gag
Glu

gag
Glu
425

tac
Tyr

gtt
Val

gag
Glu

gag
Glu

cag
Gln
505

gge
Gly

tac
Tyr

tac
Tyr

tac
Tyr

get
Ala
585

aac
Asn

get
Ala

ace
Thr

gge
Gly
330

ace
Thr

gge
Gly

gtg
Val

agc
Ser

gtt
Val
410

get
Ala

ate
Ile

gag
Glu

gte
Val

cge
Arg
490

ace
Thr

aag
Lys

gece
Ala

aac
Asn

gtg
Val
570

gge
Gly

cge
Arg

gge
Gly

gge
Gly
315

gtt
Val

gtt
Val

ggt
Gly

aac
Asn

tce
Ser
395

cct
Pro

gtt
Val

atg
Met

tte
Phe

aac
Asn
475

ace
Thr

gaa
Glu

gac
Asp

aac
Asn

cag
Gln
555

ctg
Leu

tce
Ser

geg
Ala

get
Ala
300

aac
Asn

gac
Asp

gaa
Glu

gac
Asp

aag
Lys
380

act
Thr

tac
Tyr

ate
Ile

aag
Lys

tecc
Ser
460

tecc
Ser

gca
Ala

aac
Asn

gte
Val

gecg
Ala
540

cac

His

get
Ala

ate
Ile

ctyg
Leu

gac
Asp

gte
Val

cct
Pro

tac
Tyr

ctyg
Leu
365

ggt
Gly

gaa
Glu

ctyg
Leu

cge
Arg

acce
Thr
445

acce
Thr

aag
Lys

cca
Pro

gag
Glu

acce
Thr
525

ctyg
Leu

gece
Ala

gag
Glu

acce
Thr

gac
Asp
605

cge
Arg

tgce
Cys

cag
Gln

tgce
Cys
350

gte
Val

ctyg
Leu

gtt
Val

cct
Pro

gtg
Val
430

gat
Asp

gtt
Val

gca
Ala

gtt
Val

gat
Asp
510

gte
Val

gag
Glu

cge
Arg

gte
Val

tac
Tyr
590

gte
Val

ate
Ile

ctyg
Leu

ctyg
Leu
335

aac
Asn

ttc
Phe

gac
Asp

tct
Ser

ate
Ile
415

aac
Asn

cac
His

gte
Val

atg
Met

gag
Glu
495

gca
Ala

gat
Asp

aag
Lys

ace
Thr

aac
Asn
575

get
Ala

aac
Asn

gaa
Glu

gte
Val
320

gac
Asp

cag
Gln

ace
Thr

gece
Ala

tgg
Trp
400

gat
Asp

tce
Ser

ggt
Gly

cag
Gln

tgg
Trp
480

cag
Gln

tce
Ser

gge
Gly

ctyg
Leu

tcg
Ser
560

gge
Gly

tcg
Ser

cac
His

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824
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22

gag gca gtc ctg gct gge gge gtt taa
Glu Ala Val Leu Ala Gly Gly Val

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

610

PRT

LOCATION:

for Tyr

<400> SEQUENCE:

Met Ser Pro Asn

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Ile

Leu

145

Val

Arg

Leu

Gln

Glu

225

Pro

Val

Asp

Val

Gly
305

Thr

Val

Ser

Asp

50

Ala

Ile

Val

Gln

Pro

130

Ile

His

Met

Ile

Tyr

210

Val

Met

Tyr

Ser

Gly
290

Cys

Leu

Gly

Ser

35

Ile

Pro

Asp

Gln

Thr

115

Asp

Arg

Phe

Asp

Lys

195

Ser

Val

Ile

Ala

Ile
275
Ala

Leu

Ala

Pro

20

Met

Ser

Gln

Pro

Met

100

Asp

Asp

Arg

Tyr

Lys

180

Thr

Pro

Asp

Ile

Asp

260

Ile

Ala

Phe

Leu

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Corynebacterium glutamicum
FEATURE:
NAME/KEY: misc_feature

(553) .. (553)

OTHER INFORMATION: Xaa can be

616

2

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Phe

Val

Thr

Asn

165

Val

Ile

Glu

Ala

Asn

245

Ser

Leu

Glu

Gly

Asn

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Asp

Thr

Phe

150

Ser

Gln

Ala

Ser

Val

230

Leu

Ile

Ser

Leu

Asn
310

Met

615

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Phe

Ile

135

Glu

Thr

Val

Gln

Phe

215

Val

Pro

Glu

Leu

Gly
295

Gly

Leu

Ile

Gly

Arg

Arg

Val

Glu

Glu

Val

120

Gln

Ala

Ser

Lys

Asp

200

Thr

Glu

Ser

Trp

His

280

Tyr

Glu

Thr

Ser

Gln

25

Tyr

Thr

Asp

Arg

Ile

105

Arg

Val

Cys

Ile

Lys

185

Tyr

Gly

Val

Thr

Met

265

Pro

Met

Arg

Gln

any

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

Glu

Leu

Glu

Leu

170

Leu

Pro

Thr

Met

Val

250

His

His

Ala

Thr

Gly

proteinogenic amino

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ile

Val

Gly

155

Gln

Ala

Asp

Glu

Asp

235

Glu

Arg

Asn

Gly

Gly

315

Val

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Ile

Gln

140

Ala

Arg

Thr

Thr

Val

220

Pro

Met

Asn

Asp

Ala
300

Asn

Asp

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu

125

Ala

Lys

Asn

Asp

Asn

205

Glu

Thr

Ile

Leu

Arg
285
Asp

Val

Pro

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

110

Lys

Arg

Asn

Val

Ala

190

Trp

Tyr

Pro

Thr

Asn

270

Gly

Arg

Cys

Gln

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Gly

Glu

Val

Val

175

Ala

Arg

Ala

Glu

Pro

255

Arg

Thr

Ile

Leu

Leu

1851

acid except

Thr

Arg

Val

Thr

Ala

80

Leu

Ala

Met

His

Ile

160

Phe

Glu

Trp

Lys

Asn

240

Asn

Arg

Gly

Glu

Val
320

Asp
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24

Phe

Leu

Ala

Met

385

Glu

Pro

Gln

Leu

Asn

465

Asp

Ile

Ile

Arg

Gly

545

Gly

Arg

Leu

Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

Thr

Arg

Phe

370

Ala

Gln

Lys

Ser

Gln

450

Val

Ile

Ala

Thr

Gly

530

Ile

Asp

Lys

Lys

Ala
610

Asp

Val

355

Ser

Ala

Leu

Asp

Gly

435

Ile

Thr

Phe

Leu

Ala

515

Asn

Asp

Asp

Val

Ala

595

Val

325

Ile Arg Gln Ile Arg

340

Pro Glu Arg His Pro

360

Gly Ser His Gln Asp

375

Lys Val Gln Pro Gly
390

Arg Asp Thr Glu Trp

405

Val Gly Arg Asp Tyr

420

Lys Gly Gly Val Ala

440

Pro Arg Ser Met Gln

455

Asp Ala Glu Gly Gly
470

Ala Thr Glu Tyr Leu

485

Arg Val Glu Asn Ala

500

Glu Leu Ile His Asn

520

Gly Pro Leu Ala Ala

535

Val Glu Ile Gln Glu
550

Ala Glu Ala Ala Ala

565

Trp Gly Val Gly Ile

580

Val Thr Ser Ala Val

600

Leu Ala Gly Gly Val

SEQ ID NO 3
LENGTH: 3851
TYPE: DNA
ORGANISM: Corynebacterium
FEATURE:
NAME/KEY: CDS
LOCATION:
OTHER INFORMATION:

<400> SEQUENCE: 3

cctttactca atgcetetgat

gcatatttet

cttgtectgt

cgccgaactyg

ttgggacgee

ttagtcggeg

tacaaacagt

cgctgatgtt

aaatcttetg

cecttecegy

ttgcagtaat

615

(1001) .. (2851

gacaccgatyg

agcacttggt

cacgctgeeyg

ggctacccete

aaacccccac

gggtggaatg

330

Ser Thr Val
345

Tyr Gly Gly

Ala Val Asn

Ala Ser Ser

395

Glu Val Pro
410

Glu Ala Val
425

Tyr Ile Met

Val Glu Phe

Glu Val Asn
475

Glu Arg Thr
490

Gln Thr Glu
505

Gly Lys Asp

Tyr Ala Asn

Xaa Asn Gln
555

Tyr Val Leu
570

Ala Gly Ser
585

Asn Arg Ala

glutamicum

tggtgggcag
ttcggcacce
ctcteageac
ctcaccgtag
ccececacteg

tggctgettyg

Glu

Asp

Lys

380

Thr

Tyr

Ile

Lys

Ser

460

Ser

Ala

Asn

Val

Ala

540

His

Ala

Ile

Leu

leuA encoding region

Tyr

Leu

365

Gly

Glu

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Thr

525

Leu

Ala

Glu

Thr

Asp
605

Cys

350

Val

Leu

Val

Pro

Val

430

Asp

Val

Ala

Val

Asp

510

Val

Glu

Arg

Val

Tyr

590

Val

gcatgagtac

tcttggtagt

gattcaatgg

cegtgggeat

atcgatggat

cggaatacgt

335

Asn Gln

Phe Thr

Asp Ala

Ser Trp
400

Ile Asp
415

Asn Ser

His Gly

Val Gln

Met Trp
480

Glu Gln
495

Ala Ser

Asp Gly

Lys Leu

Thr Ser
560

Asn Gly
575

Ala Ser

Asn His

cgcgatgetyg
gcaaccagtg
ctaccgacta
catgatcgtt
tccagtactt

attaaagaag

60

120

180

240

300

360
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gacaaagcce

tccaaageceyg

gaaggctacyg

aacgctggeg

ttcagtttgg

gccatgggcea

acaatgcegyg

tggaactggg

acaaagttgt

ngnggtCC

tegtggacce

gca
Ala

aac
Asn

gtt
Val

ceg
Pro

tgt
Cys
70

tct
Ser

tte
Phe

gat
Asp

acce
Thr

ttt
Phe
150

tce

Ser

cag
Gln

get
Ala

tecc
Ser

ttc
Phe

gaa
Glu

aac
Asn

gac
Asp
55

get
Ala

cct
Pro

aaa
Lys

ttc
Phe

att
Ile
135

gaa

Glu

ace
Thr

gtg
Val

cag
Gln

ttc
Phe

ate
Ile

gge
Gly

cge
Arg

cge
Arg

gtt
Val

gag
Glu

gaa
Glu

gtt
Val
120

cag
Gln

get
Ala

tce
Ser

aag
Lys

gat
Asp
200

ace
Thr

tcatcettygyg

cggtggatct

gectaatect

aactacaaaa

gctacttggt

tcgcactact

ccggatcgaa

cgtcgaaaag

tgtatgette

cagaggtett

acccaaaact

tcttgtgacy

ttttgtccat

caccgcatta

atcgctacce

tctgggcegaa

ggtgatgatt

aaggtaaaac

cttttttaaa

accacatgac

aacacgaccg

ttttaagaag

tce gea cct gec aag
Ser Ala Pro Ala Lys

10

cag cca gca tgg aat
Gln Pro Ala Trp Asn

25

tac atg cct ttc gag
Tyr Met Pro Phe Glu

act tgg cca gat aaa
Thr Trp Pro Asp Lys

60

gac ctg cgt gac ggc
Asp Leu Arg Asp Gly

75

cgt aag cgce cge atg
Arg Lys Arg Arg Met

90

atc gag gtc ggt tte
Ile Glu Val Gly Phe

105

cgt gag atc atc gaa
Arg Glu Ile Ile Glu

125

gtt ctg gtt cag gct
Val Leu Val Gln Ala

140

tgc gaa ggc gca aaa
Cys Glu Gly Ala Lys
155

atc ctg cag cgc aac
Ile Leu Gln Arg Asn

170

aag ctg gct acc gat
Lys Leu Ala Thr Asp

185

tac cca gac acc aac
Tyr Pro Asp Thr Asn

205

ggce act gag gtt gag
Gly Thr Glu Val Glu

ggtgcattgt
caaggcataa
cttggaacaa
gccatgacca
aaattccaag
gtttccacca
tccaaagtte
agaaaactcc
ttcgegtgeyg
gecatccegte

gttgaacaca

atc gaa acc
Ile Glu Thr
15

aag cag cgt
Lys Gln Arg
30

gtt gag gta
Val Glu Val

aaa atc acc
Lys Ile Thr

aac cag gct
Asn Gln Ala
80

ttt gag ctg
Phe Glu Leu

cct tca get
Pro Ser Ala
110

aag ggc atg
Lys Gly Met

cgt gag cac
Arg Glu His

aac gtt atc
Asn Val Ile
160

gtg gtg ttc
Val Val Phe
175

gcc gct gaa
Ala Ala Glu
190

tgg cgc tgg
Trp Arg Trp

tac gcc aag
Tyr Ala Lys

ttggctacgt agcagtgatg
cgggactcat cttgaactgg
tcgtgcageca gtattecttt
ttgccgaace aattgttgec

tcgtggactyg ggaatggatce
ttgcactgte tcgtacaage
cccecgagac atgacagceac
cccgagttge tacccacace

aatctactte ttettegecg

geggagtttg gtgttgecegg

atg tct cct aac gat
Met Ser Pro Asn Asp
1 5

cca gtt ggg cct cge
Pro Val Gly Pro Arg
20

gge tee tca atg cca
Gly Ser Ser Met Pro
35

gaa gat att tct ctg
Glu Asp Ile Ser Leu

gtt gca cct cag tgg
Val Ala Pro Gln Trp
65

ctg att gat ccg atg
Leu Ile Asp Pro Met
85

ctg gtt cag atg ggc
Leu Val Gln Met Gly
100

tce cag act gat ttt
Ser Gln Thr Asp Phe
115

atc cct gac gat gtc
Ile Pro Asp Asp Val
130

ctg att cge cgt act
Leu Ile Arg Arg Thr
145

gtg cac ttc tac aac
Val His Phe Tyr Asn
165

cge atg gac aag gtg
Arg Met Asp Lys Val
180

cta atc aag acc atc
Leu Ile Lys Thr Ile
195

cag tac tcc cct gag
Gln Tyr Ser Pro Glu
210

gaa gtt gtg gac gca
Glu Val Val Asp Ala

420

480

540

600

660

720

780

840

900

960

1015

1063

1111

1159

1207

1255

1303

1351

1399

1447

1495

1543

1591

1639

1687
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28

-continued
215 220 225
gtt gtt gag gtc atg gat cca act cct gag aac cca atg atc atc aac 1735
Val Val Glu Val Met Asp Pro Thr Pro Glu Asn Pro Met Ile Ile Asn
230 235 240 245
ctg cct tcece acc gtt gag atg atc acc cct aac gtt tac gca gac tcc 1783
Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn Val Tyr Ala Asp Ser
250 255 260
att gaa tgg atg cac cgc aat cta aac cgt cgt gat tcc att atc ctg 1831
Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg Asp Ser Ile Ile Leu
265 270 275
tce ctg cac ccg cac aat gac c¢gt ggc acc ggce gtt ggc gca gct gag 1879
Ser Leu His Pro His Asn Asp Arg Gly Thr Gly Val Gly Ala Ala Glu
280 285 290
ctg ggc tac atg gct gge gct gac cgc atc gaa ggc tgc ctg tte ggce 1927
Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu Gly Cys Leu Phe Gly
295 300 305
aac ggc gag cgc acc ggc aac gtc tgc ctg gtc acc ctg gca ctg aac 1975
Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val Thr Leu Ala Leu Asn
310 315 320 325
atg ctg acc cag ggc gtt gac cct cag ctg gac ttc acc gat ata cgc 2023
Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp Phe Thr Asp Ile Arg
330 335 340
cag atc cgc agc acc gtt gaa tac tgc aac cag ctg cgc gtt cct gag 2071
Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln Leu Arg Val Pro Glu
345 350 355
cgce cac cca tac ggce ggt gac ctg gtc ttc acc get tte tcece ggt tec 2119
Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr Ala Phe Ser Gly Ser
360 365 370
cac cag gac gct gtg aac aag ggt ctg gac gcc atg gct gecc aag gtt 2167
His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala Met Ala Ala Lys Val
375 380 385
cag cca ggt gct age tce act gaa gtt tct tgg gag cag ctg cgc gac 2215
Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp Glu Gln Leu Arg Asp
390 395 400 405
acc gaa tgg gag gtt cct tac ctg cct atc gat cca aag gat gtc ggt 2263
Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp Pro Lys Asp Val Gly
410 415 420
cgce gac tac gag gct gtt atc cgc gtg aac tcc cag tcc ggc aag ggc 2311
Arg Asp Tyr Glu Ala Val Ile Arg Val Asn Ser Gln Ser Gly Lys Gly
425 430 435
ggc gtt gct tac atc atg aag acc gat cac ggt ctg cag atc cct cgce 2359
Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly Leu Gln Ile Pro Arg
440 445 450
tce atg cag gtt gag ttc tcc acc gtt gtc cag aac gtc acc gac gct 2407
Ser Met Gln Val Glu Phe Ser Thr Val Val Gln Asn Val Thr Asp Ala
455 460 465
gag ggc ggc gag gtc aac tcc aag gca atg tgg gat atc ttc gce acce 2455
Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp Asp Ile Phe Ala Thr
470 475 480 485
gag tac ctg gag cgc acc gca cca gtt gag cag atc gcg ctg cgc gte 2503
Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln Ile Ala Leu Arg Val
490 495 500
gag aac gct cag acc gaa aac gag gat gca tcc atc acc gcc gag cte 2551
Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser Ile Thr Ala Glu Leu
505 510 515
atc cac aac ggc aag gac gtc acc gtc gat ggc c¢gc ggc aac ggc cca 2599
Ile His Asn Gly Lys Asp Val Thr Val Asp Gly Arg Gly Asn Gly Pro
520 525 530
ctg gce get tac gce aac gcg c¢tg gag aag ctg ggc atc gac gtt gag 2647
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30

Leu

ate
Ile
550

gca

Ala

gte
Val

tecc
Ser

gge
Gly

Ala
535

cag
Gln

gece
Ala

gge
Gly

gece
Ala

gge
Gly
615

Ala

gaa
Glu

gece
Ala

ate
Ile

gta
Val
600

gtt
Val

aagaattcca

cctgttteat

cattagaagc

ccaaaccatg

caacgagtcc

ttttaaacct

ctacaaccat

agagttgtaa

gagcgccaag

atccacccat

gagcecggtgg

cttecatggeg

agcttggacc

ggctttattg

agcaatcgtyg

ccaaagccge

Tyr Ala Asn Ala Leu

540

tac aac cag cac gcc
Tyr Asn Gln His Ala
555

tac gtg ctg gct gag
Tyr Val Leu Ala Glu

570

gct gge tee ate acc
Ala Gly Ser Ile Thr

585

aac cge geg ctg gac
Asn Arg Ala Leu Asp

605

Glu Lys Leu Gly
545

cge acc teg gge
Arg Thr Ser Gly
560

gtc aac ggc cge
Val Asn Gly Arg
575

tac get teg ctg
Tyr Ala Ser Leu
590

gtc aac cac gag
Val Asn His Glu

Ile Asp Val Glu

gac
Asp

aag
Lys

aag
Lys

gca
Ala
610

gat
Asp

gte
Val

gca
Ala
595

gte
Val

gca gaa
Ala Glu
565

tgg ggc
Trp Gly
580

gtg acc
Val Thr

ctg gect
Leu Ala

taa gctttacgac gecteccect aggetctaca aaccggtgge

cgatgttgaa

gectegagtt

acctetggygyg

agacccaaaa

cggegetttt

ttcttcacca

caacgaccat

aaatgagcac

aagctattga

cgacttcacyg

aaacttttca

tgacagagga

gectcatega

ttteccgaage

gaaatcgecyg

tggtgatcgt

<210> SEQ ID NO 4
<211> LENGTH: 616
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 4

aattcttgec
ttctcaaatg
gatataacct
acttgaaaaa
cacccattag
ggtgatcgaa
ttgcatgect
cacttcggaa
ggcggetect
catggtcacc
tgcegtgttyg
agaatttgcc
tggtcgtacce
caagcgeget
tggtggtege

cgatacgett

Corynebacterium

Met Ser Pro Asn Asp Ala Phe Ile

1

Pro

Gly

Glu

Val

65

Leu

Val

Ser

Asp

50

Ala

Ile

Gly Pro Arg Asn Glu Gly

Ser

35

Ile

Pro

Asp

20

Met Pro Val Asn Arg

40

Ser Leu Pro Asp Arg

55

Gln Trp Cys Ala Val

70

Pro Met Ser Pro Glu

accggttteyg tgggtgatag

atttttcgta tgcccaagge

acccaggcca aagtcgaaat

acatgcttte tggggectta

attgcgcaag ctgggegtge

aatgcccggyg tatcctatgg

tgaaatgctyg tgaaacctct

tcacaagatc acgccgcaag

tttgtttceg tcagcattca

attgatttgyg taacgctgtce

gattccaaaa ctgatcctgg

agcgctaage gttteggeca

ctgttgatce acaatgetge

atgaatgatyg ctgcgcgege

ggacgecgea ggcagegegt

gecatcggege gtcegacaage

glutamicum

Ser Ala Pro Ala
10

Gln Pro Ala Trp
25

Tyr Met Pro Phe

Thr Trp Pro Asp
60

Asp Leu Arg Asp
75

Arg Lys Arg Arg

Lys

Asn

Glu

45

Lys

Gly

Met

Ile

Lys

30

Val

Lys

gaatatagag
cctcaaaace
ttgagagcga
tgtctggtac
aaccatcagt
atttggtcat
ctaagcaact
aatcgaagcet
atcaagtgga
ccctaattty
ccecttecac
gattttgaaa
gcgaagttgg
caatcgcaac
ggggcacate

aatcgcettta

Glu Thr
15
Gln Arg

Glu Val

Ile Thr

Asn Gln Ala

Phe

80

Glu Leu

2695

2743

2791

2839

2891

2951

3011

3071

3131

3191

3251

3311

3371

3431

3491

3551

3611

3671

3731

3791

3851
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32

Leu

Ser

Ile

Leu

145

Val

Arg

Leu

Gln

Glu

225

Pro

Val

Asp

Val

Gly

305

Thr

Phe

Leu

Ala

Met

385

Glu

Pro

Gln

Leu

Asn
465

Asp

Ile

Val

Gln

Pro

130

Ile

His

Met

Ile

Tyr

210

Val

Met

Tyr

Ser

Gly

290

Cys

Leu

Thr

Arg

Phe

370

Ala

Gln

Lys

Ser

Gln
450
Val

Ile

Ala

Gln

Thr

115

Asp

Arg

Phe

Asp

Lys

195

Ser

Val

Ile

Ala

Ile

275

Ala

Leu

Ala

Asp

Val

355

Ser

Ala

Leu

Asp

Gly

435

Ile

Thr

Phe

Leu

Met

100

Asp

Asp

Arg

Tyr

Lys

180

Thr

Pro

Asp

Ile

Asp

260

Ile

Ala

Phe

Leu

Ile

340

Pro

Gly

Lys

Arg

Val

420

Lys

Pro

Asp

Ala

Arg
500

85

Gly

Phe

Val

Thr

Asn

165

Val

Ile

Glu

Ala

Asn

245

Ser

Leu

Glu

Gly

Asn

325

Arg

Glu

Ser

Val

Asp

405

Gly

Gly

Arg

Ala

Thr
485

Val

Phe

Asp

Thr

Phe

150

Ser

Gln

Ala

Ser

Val

230

Leu

Ile

Ser

Leu

Asn

310

Met

Gln

Arg

His

Gln

390

Thr

Arg

Gly

Ser

Glu
470

Glu

Glu

Lys

Phe

Ile

135

Glu

Thr

Val

Gln

Phe

215

Val

Pro

Glu

Leu

Gly

295

Gly

Leu

Ile

His

Gln

375

Pro

Glu

Asp

Val

Met
455
Gly

Tyr

Asn

Glu

Val

120

Gln

Ala

Ser

Lys

Asp

200

Thr

Glu

Ser

Trp

His

280

Tyr

Glu

Thr

Arg

Pro

360

Asp

Gly

Trp

Tyr

Ala

440

Gln

Gly

Leu

Ala

Ile

105

Arg

Val

Cys

Ile

Lys

185

Tyr

Gly

Val

Thr

Met

265

Pro

Met

Arg

Gln

Ser

345

Tyr

Ala

Ala

Glu

Glu

425

Tyr

Val

Glu

Glu

Gln
505

90

Glu

Glu

Leu

Glu

Leu

170

Leu

Pro

Thr

Met

Val

250

His

His

Ala

Thr

Gly

330

Thr

Gly

Val

Ser

Val

410

Ala

Ile

Glu

Val

Arg
490

Thr

Val

Ile

Val

Gly

155

Gln

Ala

Asp

Glu

Asp

235

Glu

Arg

Asn

Gly

Gly

315

Val

Val

Gly

Asn

Ser

395

Pro

Val

Met

Phe

Asn
475

Thr

Glu

Gly

Ile

Gln

140

Ala

Arg

Thr

Thr

Val

220

Pro

Met

Asn

Asp

Ala

300

Asn

Asp

Glu

Asp

Lys

380

Thr

Tyr

Ile

Lys

Ser
460
Ser

Ala

Asn

Phe

Glu

125

Ala

Lys

Asn

Asp

Asn

205

Glu

Thr

Ile

Leu

Arg

285

Asp

Val

Pro

Tyr

Leu

365

Gly

Glu

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Pro

110

Lys

Arg

Asn

Val

Ala

190

Trp

Tyr

Pro

Thr

Asn

270

Gly

Arg

Cys

Gln

Cys

350

Val

Leu

Val

Pro

Val

430

Asp

Val

Ala

Val

Asp
510

95

Ser

Gly

Glu

Val

Val

175

Ala

Arg

Ala

Glu

Pro

255

Arg

Thr

Ile

Leu

Leu

335

Asn

Phe

Asp

Ser

Ile

415

Asn

His

Val

Met

Glu
495

Ala

Ala

Met

His

Ile

160

Phe

Glu

Trp

Lys

Asn

240

Asn

Arg

Gly

Glu

Val

320

Asp

Gln

Thr

Ala

Trp

400

Asp

Ser

Gly

Gln

Trp
480

Gln

Ser
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34

Ile

Arg

Gly

545

Gly

Arg

Leu

Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

atg
Met
1

cca
Pro

gge
Gly

gaa
Glu

gtt
Val
65

ctyg

Leu

ctyg
Leu

tecc
Ser

ate
Ile

ctyg
Leu
145

gtg

Thr

Gly
530

Ile

Asp

Lys

Lys

Ala
610

tct
Ser

gtt
Val

tce
Ser

gat
Asp
50

gca
Ala

att
Ile

gtt
Val

cag
Gln

cct
Pro
130

att
Ile

cac

Ala
515

Asn

Asp

Asp

Val

Ala
595

Val

cct
Pro

999
Gly

tca
Ser
35

att

Ile

cct
Pro

gat
Asp

cag
Gln

act
Thr
115

gac
Asp

cge
Arg

ttec

Glu

Gly

Val

Ala

Trp

580

Val

Leu

SEQUENCE :

aac
Asn

cct
Pro
20

atg
Met

tct
Ser

cag
Gln

ccg
Pro

atg
Met
100

gat
Asp

gat
Asp

cgt
Arg

tac

Leu

Pro

Glu

Glu

565

Gly

Thr

Ala

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Corynebacterium
FEATURE:
NAME/KEY: CDS
LOCATION:

1851

Ile

Leu

Ile

550

Ala

Val

Ser

Gly

His

Ala

535

Gln

Ala

Gly

Ala

Gly
615

(1) ..(1851)
leuA encoding region

OTHER INFORMATION:
FEATURE:
NAME/KEY: mutation
LOCATION:

Asn

520

Ala

Glu

Ala

Ile

Val

600

Val

(1657) .. (1657)

5
gat
Asp
5
cge

Arg

cca
Pro

ctyg
Leu

tgg
Trp

atg
Met

gge
Gly

ttt
Phe

gte
Val

act
Thr

aac

gca
Ala

aac
Asn

gtt
Val

ceg
Pro

tgt
Cys
70

tct

Ser

tte
Phe

gat
Asp

acce
Thr

ttt
Phe
150

tce

tte
Phe

gaa
Glu

aac
Asn

gac
Asp
55

get
Ala

cct
Pro

aaa
Lys

tte
Phe

att
Ile
135

gaa
Glu

acc

ate
Ile

gge
Gly

cge
Arg

cge
Arg

gtt
Val

gag
Glu

gaa
Glu

gtt
Val
120

cag
Gln

get
Ala

tce

Gly

Tyr

Tyr

Tyr

Ala

585

Asn

Lys

Ala

Asn

Val

570

Gly

Arg

Asp

Asn

Gln

555

Leu

Ser

Ala

glutamicum

tce
Ser

cag
Gln
25

tac

Tyr

act
Thr

gac
Asp

cgt
Arg

ate
Ile
105

cgt
Arg

gtt
Val

tgce
Cys

atc

gca
Ala
10

cca

Pro

atg
Met

tgg
Trp

ctyg
Leu

aag
Lys
90

gag
Glu

gag
Glu

ctyg
Leu

gaa
Glu

ctyg

cct
Pro

gca
Ala

cct
Pro

cca
Pro

cgt
Arg
75

cge

Arg

gte
Val

ate
Ile

gtt
Val

gge
Gly
155

cag

Val

Ala

540

His

Ala

Ile

Leu

OTHER INFORMATION: Exchange of t for g

gece
Ala

tgg
Trp

tte
Phe

gat
Asp
60

gac

Asp

cge
Arg

ggt
Gly

ate
Ile

cag
Gln
140

gca
Ala

cge

Thr
525

Leu

Ala

Glu

Thr

Asp
605

aag
Lys

aat
Asn

gag
Glu

aaa
Lys

gge
Gly

atg
Met

tte
Phe

gaa
Glu
125

get
Ala

aaa
Lys

aac

Val

Glu

Arg

Val

Tyr

590

Val

ate
Ile

aag
Lys
30

gtt
Val

aaa
Lys

aac
Asn

ttt
Phe

cct
Pro
110

aag
Lys

cgt
Arg

aac
Asn

gtg

Asp

Lys

Thr

Asn

575

Ala

Asn

gaa
Glu
15

cag
Gln

gag
Glu

ate
Ile

cag
Gln

gag
Glu

tca
Ser

gge
Gly

gag
Glu

gtt
Val

gtg

Gly

Leu

Ser
560

Gly

Ser

His

ace
Thr

cgt
Arg

gta
Val

ace
Thr

get
Ala
80

ctyg

Leu

get
Ala

atg
Met

cac
His

ate
Ile
160

ttec

48

96

144

192

240

288

336

384

432

480

528
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36

Val

cge
Arg

cta
Leu

cag
Gln

gaa
Glu
225

cca
Pro

gtt
Val

gat
Asp

gtt
Val

gge
Gly
305

acce
Thr

tte
Phe

ctyg
Leu

get
Ala

atg
Met
385

gag
Glu

cca
Pro

cag
Gln

ctyg
Leu

aac
Asn
465

His

atg
Met

ate
Ile

tac
Tyr
210

gtt
Val

atg
Met

tac
Tyr

tce
Ser

gge
Gly
290

tgce
Cys

ctyg
Leu

ace
Thr

cge
Arg

ttc
Phe
370

get
Ala

cag
Gln

aag
Lys

tce
Ser

cag
Gln
450

gte
Val

Phe

gac
Asp

aag
Lys
195

tce
Ser

gtg
Val

ate
Ile

gca
Ala

att
Ile
275

gca
Ala

ctyg
Leu

gca
Ala

gat
Asp

gtt
Val
355

tce
Ser

gece
Ala

ctyg
Leu

gat
Asp

gge
Gly
435

atc

Ile

ace
Thr

Tyr

aag
Lys
180

ace
Thr

cct
Pro

gac
Asp

ate
Ile

gac
Asp
260

ate
Ile

get
Ala

ttc
Phe

ctyg
Leu

ata
Ile
340

cct
Pro

ggt
Gly

aag
Lys

cge
Arg

gte
Val
420

aag

Lys

cct
Pro

gac
Asp

Asn
165

gtg
Val

ate
Ile

gag
Glu

gca
Ala

aac
Asn
245

tecc
Ser

ctyg
Leu

gag
Glu

gge
Gly

aac
Asn
325

cge
Arg

gag
Glu

tecc
Ser

gtt
Val

gac
Asp
405

ggt
Gly

gge
Gly

cge
Arg

get
Ala

Ser

cag
Gln

get
Ala

tecc
Ser

gtt
Val
230

ctyg
Leu

att
Ile

tecc
Ser

ctyg
Leu

aac
Asn
310

atg
Met

cag
Gln

cge
Arg

cac
His

cag
Gln
390

acce
Thr

cge
Arg

gge
Gly

tecc
Ser

gag
Glu
470

Thr

gtg
Val

cag
Gln

tte
Phe
215

gtt
Val

cct
Pro

gaa
Glu

ctyg
Leu

gge
Gly
295

gge
Gly

ctyg
Leu

ate
Ile

cac
His

cag
Gln
375

cca
Pro

gaa
Glu

gac
Asp

gtt
Val

atg
Met
455

gge
Gly

Ser

aag
Lys

gat
Asp
200

ace
Thr

gag
Glu

tce
Ser

tgg
Trp

cac
His
280

tac
Tyr

gag
Glu

ace
Thr

cge
Arg

cca
Pro
360

gac
Asp

ggt
Gly

tgg
Trp

tac
Tyr

get
Ala
440

cag

Gln

gge
Gly

Ile

aag
Lys
185

tac
Tyr

gge
Gly

gte
Val

ace
Thr

atg
Met
265

ccg
Pro

atg
Met

cge
Arg

cag
Gln

agc
Ser
345

tac
Tyr

get
Ala

get
Ala

gag
Glu

gag
Glu
425

tac

Tyr

gtt
Val

gag
Glu

Leu
170

ctyg
Leu

cca
Pro

act
Thr

atg
Met

gtt
Val
250

cac
His

cac
His

get
Ala

ace
Thr

gge
Gly
330

ace
Thr

gge
Gly

gtg
Val

agc
Ser

gtt
Val
410

get
Ala

ate
Ile

gag
Glu

gte
Val

Gln

get
Ala

gac
Asp

gag
Glu

gat
Asp
235

gag
Glu

cge
Arg

aat
Asn

gge
Gly

gge
Gly
315

gtt
Val

gtt
Val

ggt
Gly

aac
Asn

tce
Ser
395

cct
Pro

gtt
Val

atg
Met

tte
Phe

aac
Asn
475

Arg Asn Val

acce
Thr

acce
Thr

gtt
Val
220

cca
Pro

atg
Met

aat
Asn

gac
Asp

get
Ala
300

aac
Asn

gac
Asp

gaa
Glu

gac
Asp

aag
Lys
380

act
Thr

tac
Tyr

ate
Ile

aag
Lys

tecc
Ser
460

tecc
Ser

gat
Asp

aac
Asn
205

gag
Glu

act
Thr

ate
Ile

cta
Leu

cgt
Arg
285

gac
Asp

gte
Val

cct
Pro

tac
Tyr

ctyg
Leu
365

ggt
Gly

gaa
Glu

ctyg
Leu

cge
Arg

acce
Thr
445

acc

Thr

aag
Lys

gece
Ala
190

tgg
Trp

tac
Tyr

cct
Pro

ace
Thr

aac
Asn
270

gge
Gly

cge
Arg

tgce
Cys

cag
Gln

tgce
Cys
350

gte
Val

ctyg
Leu

gtt
Val

cct
Pro

gtg
Val
430

gat

Asp

gtt
Val

gca
Ala

Val
175

get
Ala

cge
Arg

gece
Ala

gag
Glu

cct
Pro
255

cgt
Arg

ace
Thr

ate
Ile

ctyg
Leu

ctyg
Leu
335

aac
Asn

ttc
Phe

gac
Asp

tct
Ser

ate
Ile
415

aac

Asn

cac
His

gte
Val

atg
Met

Phe

gaa
Glu

tgg
Trp

aag
Lys

aac
Asn
240

aac
Asn

cgt
Arg

gge
Gly

gaa
Glu

gte
Val
320

gac
Asp

cag
Gln

ace
Thr

gece
Ala

tgg
Trp
400

gat
Asp

tce
Ser

ggt
Gly

cag
Gln

tgg
Trp
480

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440
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38

gat
Asp

ate
Ile

ate
Ile

cge
Arg

gge
Gly
545

gge
Gly

cge
Arg

ctyg
Leu

gag
Glu

<210>
<211>
<212>
<213>

<400>

ate
Ile

gecg
Ala

ace
Thr

gge
Gly
530

ate
Ile

gac
Asp

aag
Lys

aag
Lys

gca
Ala
610

ttc
Phe

ctyg
Leu

gece
Ala
515

aac
Asn

gac
Asp

gat
Asp

gte
Val

gca
Ala
595

gte
Val

gece
Ala

cge
Arg
500

gag
Glu

gge
Gly

gtt
Val

gca
Ala

tgg
Trp
580

gtg
Val

ctyg
Leu

PRT

SEQUENCE :

Met Ser Pro Asn

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Ile

Leu
145

Val

Arg

Val

Ser

Asp

50

Ala

Ile

Val

Gln

Pro

130

Ile

His

Met

Gly

Ser

35

Ile

Pro

Asp

Gln

Thr

115

Asp

Arg

Phe

Asp

Pro

20

Met

Ser

Gln

Pro

Met

100

Asp

Asp

Arg

Tyr

Lys
180

acce
Thr
485

gte
Val

cte
Leu

cca
Pro

gag
Glu

gaa
Glu
565

gge
Gly

acce
Thr

get
Ala

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Corynebacterium

616

6

Asp

5

Arg

Pro

Leu

Trp

Met

85

Gly

Phe

Val

Thr

Asn
165

Val

gag
Glu

gag
Glu

ate
Ile

ctyg
Leu

ate
Ile
550

gca

Ala

gte
Val

tecc
Ser

gge
Gly

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Asp

Thr

Phe

150

Ser

Gln

tac
Tyr

aac
Asn

cac
His

gece
Ala
535

cag

Gln

gece
Ala

gge
Gly

gece
Ala

gge
Gly
615

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Phe

Ile

135

Glu

Thr

Val

ctyg
Leu

get
Ala

aac
Asn
520

get
Ala

gaa
Glu

gece
Ala

ate
Ile

gta
Val
600

gtt
Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

Val

120

Gln

Ala

Ser

Lys

gag
Glu

cag
Gln
505

gge
Gly

tac
Tyr

gac
Asp

tac
Tyr

get
Ala
585

aac
Asn

taa

cge
Arg
490

ace
Thr

aag
Lys

gece
Ala

aac
Asn

gtg
Val
570

gge
Gly

cge
Arg

ace
Thr

gaa
Glu

gac
Asp

aac
Asn

cag
Gln
555

ctg
Leu

tce
Ser

geg
Ala

glutamicum

Ser

Gln

25

Tyr

Thr

Asp

Arg

Ile

105

Arg

Val

Cys

Ile

Lys
185

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

Glu

Leu

Glu

Leu
170

Leu

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ile

Val

Gly
155

Gln

Ala

gca
Ala

aac
Asn

gte
Val

gecg
Ala
540

cac

His

get
Ala

ate
Ile

ctyg
Leu

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Ile

Gln

140

Ala

Arg

Thr

cca
Pro

gag
Glu

acce
Thr
525

ctyg

Leu

gece
Ala

gag
Glu

acce
Thr

gac
Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu

125

Ala

Lys

Asn

Asp

gtt
Val

gat
Asp
510
gte
Val

gag
Glu

cge
Arg

gte
Val

tac
Tyr
590

gte
Val

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

110

Lys

Arg

Asn

Val

Ala
190

gag
Glu
495

gca
Ala

gat
Asp

aag
Lys

ace
Thr

aac
Asn
575

get
Ala

aac
Asn

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Gly

Glu

Val

Val
175

Ala

cag
Gln

tce
Ser

gge
Gly

ctyg
Leu

tcg
Ser
560

gge
Gly

tcg
Ser

cac
His

Thr

Arg

Val

Thr

Ala

80

Leu

Ala

Met

His

Ile
160

Phe

Glu

1488

1536

1584

1632

1680

1728

1776

1824

1851
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40

Leu

Gln

Glu

225

Pro

Val

Asp

Val

Gly

305

Thr

Phe

Leu

Ala

Met

385

Glu

Pro

Gln

Leu

Asn

465

Asp

Ile

Ile

Arg

Gly

545

Gly

Arg

Leu

Ile

Tyr

210

Val

Met

Tyr

Ser

Gly

290

Cys

Leu

Thr

Arg

Phe

370

Ala

Gln

Lys

Ser

Gln

450

Val

Ile

Ala

Thr

Gly

530

Ile

Asp

Lys

Lys

Lys

195

Ser

Val

Ile

Ala

Ile

275

Ala

Leu

Ala

Asp

Val

355

Ser

Ala

Leu

Asp

Gly

435

Ile

Thr

Phe

Leu

Ala

515

Asn

Asp

Asp

Val

Ala
595

Thr

Pro

Asp

Ile

Asp

260

Ile

Ala

Phe

Leu

Ile

340

Pro

Gly

Lys

Arg

Val

420

Lys

Pro

Asp

Ala

Arg

500

Glu

Gly

Val

Ala

Trp
580

Val

Ile

Glu

Ala

Asn

245

Ser

Leu

Glu

Gly

Asn

325

Arg

Glu

Ser

Val

Asp

405

Gly

Gly

Arg

Ala

Thr

485

Val

Leu

Pro

Glu

Glu
565

Gly

Thr

Ala

Ser

Val

230

Leu

Ile

Ser

Leu

Asn

310

Met

Gln

Arg

His

Gln

390

Thr

Arg

Gly

Ser

Glu

470

Glu

Glu

Ile

Leu

Ile
550
Ala

Val

Ser

Gln

Phe

215

Val

Pro

Glu

Leu

Gly

295

Gly

Leu

Ile

His

Gln

375

Pro

Glu

Asp

Val

Met

455

Gly

Tyr

Asn

His

Ala

535

Gln

Ala

Gly

Ala

Asp

200

Thr

Glu

Ser

Trp

His

280

Tyr

Glu

Thr

Arg

Pro

360

Asp

Gly

Trp

Tyr

Ala

440

Gln

Gly

Leu

Ala

Asn

520

Ala

Glu

Ala

Ile

Val
600

Tyr

Gly

Val

Thr

Met

265

Pro

Met

Arg

Gln

Ser

345

Tyr

Ala

Ala

Glu

Glu

425

Tyr

Val

Glu

Glu

Gln

505

Gly

Tyr

Asp

Tyr

Ala
585

Asn

Pro

Thr

Met

Val

250

His

His

Ala

Thr

Gly

330

Thr

Gly

Val

Ser

Val

410

Ala

Ile

Glu

Val

Arg

490

Thr

Lys

Ala

Asn

Val
570

Gly

Arg

Asp

Glu

Asp

235

Glu

Arg

Asn

Gly

Gly

315

Val

Val

Gly

Asn

Ser

395

Pro

Val

Met

Phe

Asn

475

Thr

Glu

Asp

Asn

Gln
555
Leu

Ser

Ala

Thr

Val

220

Pro

Met

Asn

Asp

Ala

300

Asn

Asp

Glu

Asp

Lys

380

Thr

Tyr

Ile

Lys

Ser

460

Ser

Ala

Asn

Val

Ala

540

His

Ala

Ile

Leu

Asn

205

Glu

Thr

Ile

Leu

Arg

285

Asp

Val

Pro

Tyr

Leu

365

Gly

Glu

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Thr

525

Leu

Ala

Glu

Thr

Asp
605

Trp

Tyr

Pro

Thr

Asn

270

Gly

Arg

Cys

Gln

Cys

350

Val

Leu

Val

Pro

Val

430

Asp

Val

Ala

Val

Asp

510

Val

Glu

Arg

Val

Tyr

590

Val

Arg

Ala

Glu

Pro

255

Arg

Thr

Ile

Leu

Leu

335

Asn

Phe

Asp

Ser

Ile

415

Asn

His

Val

Met

Glu

495

Ala

Asp

Lys

Thr

Asn
575

Ala

Asn

Trp

Lys

Asn

240

Asn

Arg

Gly

Glu

Val

320

Asp

Gln

Thr

Ala

Trp

400

Asp

Ser

Gly

Gln

Trp

480

Gln

Ser

Gly

Leu

Ser
560
Gly

Ser

His
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Glu Ala Val Leu Ala Gly Gly Val

610

<210> SEQ ID NO 7
<211> LENGTH: 812
<212> TYPE: DNA

615

<213> ORGANISM: Corynebacterium glutamicum

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..

<220> FEATURE:
<221> NAME/KEY: gene

(6)
<223> OTHER INFORMATION:

<222> LOCATION: (7)..(600)
<223> OTHER INFORMATION: C terminus of the leuA gene

<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (406) .

. (406)

Sphl cutting site

<223> OTHER INFORMATION: Exchange of t for g

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (807).

. (812)

<223> OTHER INFORMATION: BamH cutting site

<400> SEQUENCE: 7

gecatgegteg gtegegacta

ggegttgett acatcatgaa

gagttcteca ccegttgteca

gcaatgtggg atatcttege

gegetgegeg tcgagaacge

atccacaacyg gcaaggacgt

gccaacgege tggagaagcet

cgcacctegyg gcgacgatge

aaggtctggyg gegteggeat

tcegeegtaa accgegeget

getttacgac gecteccect

aattcttgee accggttteg

ttctcaaatg atttttegta

gatataacct acccaggcca

<210> SEQ ID NO 8

<211> LENGTH: 30
<212> TYPE: DNA

cgaggetgtt

gaccgatcac

gaacgtcace

caccgagtac

tcagaccgaa

caccgtegat

gggcatcgac

agaagcagcc

cgetggetec

ggacgtcaac

aggctctaca

tgggtgatag

tgcccaagge

aagtcgggat

atccgegtga
ggtctgcaga
gacgctgagg
ctggagcgea
aacgaggatg
ggccegeggea
gttgagatce
gectacgtge
atcacctacg
cacgaggcag
aaccggtgge
gaatatagag
cctcaaaace

ccC

<213> ORGANISM: Corynebacterium glutamicum

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(30)
<223> OTHER INFORMATION: Primer ilvE-XbaI-fw

<400> SEQUENCE: 8

getctagage caagectage

<210> SEQ ID NO 9

<211> LENGTH: 30
<212> TYPE: DNA

cattcctcaa

<213> ORGANISM: Corynebacterium glutamicum

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(30)
<223> OTHER INFORMATION: Primer ilvE-XbaI-rev

actcccagte
tcecectegete
geggegaggt
ccgcaccagt
catccatcac
acggccecact
aggaagacaa
tggctgaggt
cttegetgaa
tcectggetygy
aagaattcca
cetgttteat

cattagaagc

cggcaagggc

catgcaggtt

caactccaag

tgagcagatc

cgcegagete

ggcegettac

ccagcacgec

caacggccge

ggcagtgacc

cggegtttaa

cgatgttgaa

gectegagtt

acctctgggy

60

120

180

240

300

360

420

480

540

600

660

720

780

812

30
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43 44

-continued
<400> SEQUENCE: 9
gctctagage cagccactgce attctcectta 30
<210> SEQ ID NO 10
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: Primer leuAl
<400> SEQUENCE: 10
gatctatcta gattgagggce cttgggcata cg 32
<210> SEQ ID NO 11
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: Primer leuA-2
<400> SEQUENCE: 11
gatctaggat ccgcgactac gaggctgtta tc 32
<210> SEQ ID NO 12
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: Primer leuA-3
<400> SEQUENCE: 12
gatctatcta gaaagcttaa acgccgecag cc 32
<210> SEQ ID NO 13
<211> LENGTH: 6504
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (365).. (1159
<223> OTHER INFORMATION: kanamycin resistance gene
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (1651)..(3072)
<223> OTHER INFORMATION: sacB gene encoding the protein levansucrase
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3473)..(3571
<223> OTHER INFORMATION: RP4 mobilization site
<220> FEATURE:
<221> NAME/KEY: rep origin
<222> LOCATION: (5091)..(5093)
<223> OTHER INFORMATION: ColEl-like origin from pMB1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5531)..(6330)
<223> OTHER INFORMATION: gene type fragment
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5737)..(6330)
<223> OTHER INFORMATION: C terminus of the leuA gene (594 bp)
<220> FEATURE:
<221> NAME/KEY: mutation
<222> LOCATION: (5929)..(5931)
<223> OTHER INFORMATION: T to G, changes the wild-type codon TAC
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46

(encoding the amino acid Y,
the amino acid D,

<400> SEQUENCE: 13

cgataagcta gettcacget

gaacacgtag aaagccagte

ggctatctgyg acaagggaaa

tacatggcga tagctagact

tggggcegece tctggtaagyg

gccaaggate tgatggcgcea

tcgcatgatt gaacaagatg

attcggctat gactgggcac

gtcagcgcag gggcgceccgg

actccaagac gaggcagcge

tgtgctcgac gttgtcactg

gcaggatcte ctgtcatcte

aatgcggegyg ctgcatacge

tcgcatcegag cgagcacgta

cgaagagcat caggggcteg

cgacggcgayg gatctegteg

aaatggccge ttttetggat

ggacatagcg ttggctacce

cttectegtyg ctttacggta

tcttgacgag ttettetgag

ccatcacata tacctgeegt

gaattgtgat taaaaaggca

aatgaaaaga aacagataga

tgattttcta tcaaacaaaa

agaatgaggt cgaaaagtaa

aatgtgtaaa gggcaaagtg

ttattgtgcg taactaactt

acacagtaca taaaaaagga

acagtattaa cctttactac

gaaacgaacc aaaagccata

atgctgcaaa tccctgaaca

tccacaatta aaaatatctce

caaaacgctyg acggcactgt

ggagatccta aaaatgcgga

acttctattyg acagctggaa

gcaaatgatt ctatcctaaa

tctgacggaa aaatcegttt

gecgcaagca

cgcagaaacyg

acgcaagcge

gggcggtttt

ttgggaagcc

ggggatcaag

gattgcacge

aacagacaat

ttctttttgt

ggctatcgty

aagcgggaag

accttgetee

ttgatcecgge

ctcggatgga

cgccagecga

tgacccatgg

tcatcgactyg

gtgatattge

tegecgetee

cgggactetyg

tcactattat

actttatgece

ttttttagtt

gaggaaaata

atcgcgcggg

tatactttgg

gccatcttea

gacatgaacg

cgcactgetyg

taaggaaaca

gcaaaaaaat

ttctgcaaaa

cgcaaactat

tgacacatcg

aaacgctgge

agaccaaaca

attctacact

tyrosine)

aspartate) (Y553D)

ctcagggege
gtgctgacce
aaagagaaag
atggacagca
ctgcaaagta
atctgatcaa
aggttcteeg
cggetgetet
caagaccgac
getggecacy
ggactggcetg
tgccgagaaa
tacctgececa
agcecggtett
actgttecgee
cgatgectge
tggceggetyg
tgaagagcett
cgattecgcag
gggttegeta
ttagtgaaat
catgcaacag
ctttaggece
gaccagttge
tttgttactg
cgtcaccect
aacaggaggg
atgaacatca
gecaggaggceg
tacggcattt

gaaaaatatc

ggCCtggan

cacggctace

atttacatgt

cgcgtettta

caagaatggt

gatttctecyg

to the codon GAC

aagggctget

cggatgaatg

caggtagett

agcgaaccgg

aactggatgg

gagacaggat

gCCgCttggg

gatgcegecg

ctgtceggty

acgggegtte

ctattgggeyg

gtatccatca

ttcgaccace

gtcgatcagg

aggctcaagg

ttgccgaata

ggtgtggcgyg

ggcggcgaat

cgcategect

gaggatcgat

gagatattat

aaactataaa

gtagtctgca

aatccaaacyg

ataaagcagg

tacatatttt

ctggaagaag

aaaagtttge

caactcaagce

cccatattac

aagtttctga

tttgggacag

acatcgtett

tctatcaaaa

aagacagcga

caggttcage

gtaaacatta

(encoding
aaaggaagcyg 60
tcagctactyg 120
gcagtgggcet 180
aattgccagce 240
ctttecttgece 300
gaggatcgtt 360
tggagaggct 420
tgttcecgget 480
ccetgaatga 540
cttgcgcecage 600
aagtgccggyg 660
tggctgatge 720
aagcgaaaca 780
atgatctgga 840
cgcggatgece 900
tcatggtgga 960
accgctatca 1020
gggctgaccg 1080
tctatcgect 1140
cctttttaac 1200
gatattttcet 1260
aaatacagag 1320
aatcctttta 1380
agagtctaat 1440
caagacctaa 1500
aggtcttttt 1560
cagaccgcta 1620
aaaacaagca 1680
gtttgcgaaa 1740
acgccatgat 1800
atttgattcyg 1860
ctggccatta 1920
tgcattagcce 1980
agtcggcgaa 2040
caaattcgat 2100
cacatttaca 2160
cggcaaacaa 2220
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acactgacaa ctgcacaagt taacgtatca gcatcagaca gctctttgaa catcaacggt 2280
gtagaggatt ataaatcaat ctttgacggt gacggaaaaa cgtatcaaaa tgtacagcag 2340
ttcatcgatg aaggcaacta cagctcaggc gacaaccata cgctgagaga tcctcactac 2400
gtagaagata aaggccacaa atacttagta tttgaagcaa acactggaac tgaagatggc 2460
taccaaggcg aagaatcttt atttaacaaa gcatactatg gcaaaagcac atcattcttce 2520
cgtcaagaaa gtcaaaaact tctgcaaagc gataaaaaac gcacggctga gttagcaaac 2580
ggcgctcteg gtatgattga gctaaacgat gattacacac tgaaaaaagt gatgaaaccyg 2640
ctgattgcat ctaacacagt aacagatgaa attgaacgcg cgaacgtctt taaaatgaac 2700
ggcaaatggt acctgttcac tgactcccgce ggatcaaaaa tgacgattga cggcattacg 2760
tctaacgata tttacatgct tggttatgtt tctaattcectt taactggccce atacaagcecg 2820
ctgaacaaaa ctggccttgt gttaaaaatg gatcttgatc ctaacgatgt aacctttact 2880
tactcacact tcgctgtacc tcaagcgaaa ggaaacaatg tcgtgattac aagctatatg 2940
acaaacagag gattctacgc agacaaacaa tcaacgtttg cgccgagctt cctgctgaac 3000
atcaaaggca agaaaacatc tgttgtcaaa gacagcatcc ttgaacaagg acaattaaca 3060
gttaacaaat aaaaacgcaa aagaaaatgc cgatgggtac cgagcgaaat gaccgaccaa 3120
gcgacgcceca acctgccatce acgagatttc gattccaceg ccgecttecta tgaaaggttyg 3180
ggcttcggaa tegttttceccecg ggacgccecte geggacgtge tcatagtcca cgacgcccegt 3240
gattttgtag ccctggccga cggecagcag gtaggccgac aggctcatge cggecgecege 3300
cgecttttee tcaatcgete ttegttegte tggaaggcag tacaccttga taggtgggcet 3360
gccettectyg gttggettgg tttecatcage catcecgecttyg cectcatcectg ttacgceccegge 3420
ggtagcegge cagectcegcea gagcaggatt cccgttgage accgcecaggt gcgaataagg 3480
gacagtgaag aaggaacacc cgctcgeggg tgggcctact tcacctatcce tgccccgetg 3540
acgccgttgg atacaccaag gaaagtctac acgaaccctt tggcaaaatc ctgtatatcg 3600
tgcgaaaaag gatggatata ccgaaaaaat cgctataatg accccgaagce agggttatgce 3660
agcggaaaag cgctgcttece ctgctgtttt gtggaatatc taccgactgg aaacaggcaa 3720
atgcaggaaa ttactgaact gaggggacag gcgagagacyg atgccaaaga gctcctgaaa 3780
atctcgataa ctcaaaaaat acgcccggta gtgatcttat ttcattatgg tgaaagttgg 3840
aacctcttac gtgccgatca acgtctcatt ttcgccaaaa gttggcccag ggcttcecegg 3900
tatcaacagg gacaccagga tttatttatt ctgcgaagtg atcttccgtce acaggtattt 3960
attcggegca aagtgcgteg ggtgatgctg ccaacttact gatttagtgt atgatggtgt 4020
ttttgaggtg ctccagtggce ttcectgtttcet atcagctect gaaaatctcg ataactcaaa 4080
aaatacgccce ggtagtgatc ttatttcatt atggtgaaag ttggaacctc ttacgtgecg 4140
atcaacgtct cattttcgec aaaagttggce ccagggcttc ccggtatcaa cagggacacce 4200
aggatttatt tattctgcga agtgatcttc cgtcacaggt atttattcgg cgcaaagtgc 4260
gtcgggtgat gctgccaact tactgattta gtgtatgatg gtgtttttga ggtgctcecag 4320
tggcttetgt ttctatcagg getggatgat ccteccagege ggggatctca tgctggagtt 4380
cttcgeccac cccaaaagga tctaggtgaa gatccttttt gataatctca tgaccaaaat 4440
ccettaacgt gagttttegt tcecactgage gtcagacccce gtagaaaaga tcaaaggatce 4500
ttcttgagat ccttttttte tgcgcecgtaat ctgctgcettg caaacaaaaa aaccaccgct 4560
accagcggtg gtttgtttge cggatcaaga gctaccaact ctttttccga aggtaactgg 4620
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-continued
cttcagcaga gcgcagatac caaatactgt ccttctagtg tagccgtagt taggccacca 4680
cttcaagaac tctgtagcac cgcctacata cctegctetg ctaatcctgt taccagtggce 4740
tgctgccagt ggcgataagt cgtgtcttac cgggttggac tcaagacgat agttaccgga 4800
taaggcgcag cggtegggcet gaacgggggg ttegtgcaca cageccaget tggagcgaac 4860
gacctacacc gaactgagat acctacagcg tgagcattga gaaagcgcca cgcttcccga 4920
agggagaaag gcggacaggt atccggtaag cggcagggte ggaacaggag agcgcacgag 4980
ggagctteca gggggaaacg cctggtatct ttatagtcet gtegggtttce gccacctetg 5040
acttgagcgt cgatttttgt gatgctegte aggggggcegg agcctatgga aaaacgccag 5100
caacgcggcece tttttacggt tectggectt ttgctggect tttgctcaca tgttctttece 5160
tgcgttatce cctgattetyg tggataaccg tattaccgec tttgagtgag ctgataccgce 5220
tecgeegecage cgaacgaccg agcgcagega gtcagtgage gaggaagegyg aagagcegcecce 5280
aatacgcaaa ccgcctctee cegegegttg gceccgattcat taatgcaget ggcacgacag 5340
gtttccecgac tggaaagcgg gcagtgagceg caacgcaatt aatgtgagtt agctcactca 5400
ttaggcaccc caggctttac actttatgct tccggctegt atgttgtgtg gaattgtgag 5460
cggataacaa tttcacacag gaaacagcta tgaccatgat tacgaattcg agctcggtac 5520
ccggggatce cgactttgge ctgggtaggt tatatccccce agaggtgctt ctaatgggtt 5580
ttgagggcct tgggcatacg aaaaatcatt tgagaaaact cgaggcatga aacaggctct 5640
atattcctat cacccacgaa accggtggca agaattttca acatcgtgga attcttgeca 5700
ccggtttgta gagcctaggg ggaggcgtcg taaagcttaa acgccgccag ccaggactgce 5760
ctegtggttg acgtccageg cgcggtttac ggcggaggtce actgccttca gcegaagcgta 5820
ggtgatggag ccagcgatge cgacgeccca gaccttgegg cegttgacct cagcecageac 5880
gtaggcggct gcttcetgcat cgtegecccga ggtgcgggeg tgctggttgt cttectggat 5940
ctcaacgtcg atgcccaget tectccagcege gttggcgtaa geggccagtg ggccgttgece 6000
gcggecateg acggtgacgt ccttgecegtt gtggatgage tceggcecggtga tggatgcatce 6060
ctegtttteg gtctgagegt tcetcgacgcg cagecgcgatce tgctcaactg gtgeggtgeg 6120
ctccaggtac tcggtggcga agatatccca cattgeccttg gagttgacct cgccgccecte 6180
agcgtceggtg acgttctgga caacggtgga gaactcaacc tgcatggagce gagggatctg 6240
cagaccgtga tcggtcttca tgatgtaage aacgccgcecce ttgccggact gggagttcac 6300
gcggataaca gcctcegtagt cgcgaccgac gcatgcaagce ttggcactgg ccgtegtttt 6360
acaacgtcgt gactgggaaa accctggcgt tacccaactt aatcgeccttg cagcacatcce 6420
ccetttegee agcectggcecgta atagcgaaga ggceccgcacce gatcgeccctt cccaacagtt 6480
gcgcagcectyg aatggcgaat ggcg 6504

The invention claimed is:

1. An isolated polynucleotide encoding an a-isopropyl-
malate synthase comprising an amino acid sequence that is at
least 90% identical to the amino acid sequence of SEQ ID
NO:2, wherein the amino acid sequence has a proteinogenic
amino acid other than L-tyrosine at position 553 of SEQ ID
NO:2 or at a corresponding position of the amino acid
sequence.

2. An isolated polynucleotide encoding an a-isopropyl-
malate synthase comprising an amino acid sequence that is at
least 90%, identical to the amino acid sequence of SEQ ID
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NO:2, wherein the amino acid sequence has a proteinogenic
amino acid other than L-tyrosine at position 553 of SEQ ID
NO:2 or at a corresponding position of the amino acid
sequence and the proteinogenic amino acid is selected from
the group consisting of glutamic acid, aspartic acid, alanine,
cysteine, serine, threonine, lysine, arginine, glutamine and
asparagine.

3. The isolated polynucleotide according to claim 1,
wherein the amino acid sequence encoded thereby has, at
position 553 of SEQ ID NO:2 or at a corresponding position
of the amino acid sequence, [-aspartic acid.



US 9,347,048 B2

51

4. The isolated polynucleotide according to claim 1, having
guanine at position 1657 of SEQ ID NO:5 or at a correspond-
ing position of the polynucleotide.

5. The isolated polynucleotide according to claim 1, as
depicted in SEQ ID NO: 5.

6. Vector comprising the isolated polynucleotide according
to claim 1.

7. Vector comprising the isolated polynucleotide according
to claim 2, which is suitable for replication in microorganisms
of the genus Corynebacterium.

8. Polypeptide comprising an amino acid sequence
encoded by the isolated polynucleotide according to claim 1.

9. Microorganism of the genus Corynebacterium compris-
ing the isolated polynucleotide according to claim 1 or a
polypeptide comprising an amino acid sequence encoded by
said isolated polynucleotide or a vector comprising said iso-
lated polynucleotide.

10. Microorganism according to claim 9, in which said
isolated polynucleotide is present in overexpressed form as
compared with a starting strain or wild-type strain.

11. Microorganism according to claim 9, wherein the iso-
lated polynucleotide is integrated in a chromosome.

12. Microorganism according to claim 9, wherein it is
Corynebacterium glutamicum.
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13. Microorganism according to claim 9, wherein the
microorganism has the capability of producing L-leucine or
ketoisocaproate (KIC).

14. Fermentative process for producing KIC or L-leucine
comprising the following steps:

a) fermenting of one of the microorganisms according to

claim 9 in a medium,

b) accumulating the KIC or L-leucine in the medium,

wherein a fermentation broth is obtained.

15. Process according to claim 14, wherein it is a process
which is selected from the group consisting of batch process,
fed-batch process, repetitive fed-batch process and continu-
ous process.

16. Process according to claim 14, wherein the KIC or
L-leucine is obtained from the fermentation broth.

17. A method for the fermentative production of L-leucine
or KIC comprising culturing the microorganism of claim 9.

18. Microorganism of the genus Corynebacterium com-
prising the isolated polynucleotide according to claim 2 or a
polypeptide comprising an amino acid sequence encoded by
said isolated polynucleotide or a vector comprising said iso-
lated polynucleotide.

19. Microorganism according to claim 18, in which said
isolated polynucleotide is present in overexpressed form as
compared with a starting strain or wild-type strain.
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